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SUMMARY 
The purpose of this study was to deve lop a dynamic e l e c t r o n i c 
analog m o d e l of the United States e c o n o m y . The ob j ec t i ve s of the 
m o d e l were as f o l l o w s : 
(1). To de te rmine if fo recas t ing of e c o n o m i c situations could 
be p e r f o r m e d without ex tens ive mathemat ica l ana lys i s . 
(2). To obtain a method of evaluating al ternat ive e c o n o m i c 
p r o p o s a l s on a national l e v e l . 
The f i rs t part of the study was c o n c e r n e d with developing the 
p r o p e r b l o c k d i a g r a m rela t ions of the g r o s s national p roduc t and the 
re la ted spending and i n c o m e i t e m s . An e l e c t r o n i c analog d i ag ram was 
deve loped f r o m the b l o c k d i ag ram. 
The re was a need fo r m u c h reduct ion of data. Graphica l 
analys is with the aid of s imple ma themat ics was used to de te rmine 
the p r o p e r constants fo r the analog. The sugges ted m o d e l was then 
p r o g r a m m e d into the B e r k e l e y Mode l 1032 Analog C o m p u t e r . Rev i = 
s ions in set t ings were made while conducting ce r ta in c i r c u i t ana lyses . 
The s e r i e s of expe r imen t s conducted in this study were divided into 
two parts—the f i r s t s e r i e s f o r the pu rpose of es tabl ishing a val id 
m o d e l , and the s e c o n d s e r i e s fo r the pu rpose of making actual f o r e -
cas ts and the study of in te rac t ions . The f i rs t s e r i e s of e x p e r i m e n t s 
xi 
was p e r f o r m e d and analyzed. The resu l t s of these expe r imen t s were 
used in the deve lopment of the second s e r i e s of e x p e r i m e n t s . During 
the latter s e r i e s , va r ious f o r e c a s t s were made and in terac t ions studied. 
The resu l t s of these s e r i e s of exper imen t s cons i s t of graphs which have 
been plot ted d i r ec t ly by the analog compu te r . 
The resul ts obtained were favorab le in that they indicated a 
m o d e l which could po r t r ay the c h a r a c t e r i s t i c s of a m a c r o - e c o n o m i c 
s y s t e m cou ld be deve loped by the means p resen ted h e r e . An incidental 
obse rva t ion was that dynamic m o d e l s could p o s s i b l y be used ex tens ive ly 
as an aid in the c l a s s r o o m study and analys is of non -phys i ca l s y s t e m s . 
It i s r e c o m m e n d e d that this m o d e l be i m p r o v e d and that m o r e 
ana lyses of s imi l a r nature be undertaken with the hope that we wil l 
s o m e day understand e c o n o m i c f luctuations and their cause = and=effect 
re la t ionships quantitatively. 
C H A P T E R I 
INTRODUCTION 
Throughout h i s to ry industr ial organiza t ions have been subject 
to p e r i o d i c f luctuations such as o v e r - e m p l o y m e n t , u n d e r - e m p l o y m e n t , 
ove r -cap i t a l i za t ion , unde recapi ta l iza t ion , and other malad jus tments . 
P r o b l e m s of e c o n o m i c s tabi l izat ion and p red i c t i on have been attacked 
with little s u c c e s s . That e c o n o m i c s y s t e m s , both regula ted and unregu­
lated, have a c y c l i c a l nature i s genera l ly r e c o g n i z e d . H o w e v e r , there is 
a definite need for a quantitative understanding of e c o n o m i c s y s t e m s . 
It i s wel l known that until one is able to m e a s u r e cause = and-ef fec t r e l a ­
t ionships , f ew cons t ruc t ive c o n c l u s i o n s can be r eached about them. 
Only in the past 25 yea r s has e c o n o m e t r i c s b e c o m e a too l of 
s c i e n c e . The p r o g r e s s made in this f ie ld during that t ime has been mos t 
r emarkab le . This rapid advancement in e c o n o m e t r i c s has been aided by 
the t remendous capac i ty of digital and analog c o m p u t e r s , which have 
only in the past decade been deve loped c o m m e r c i a l l y . Consequent ly , 
data, can be r educed and analyzed—data which y e a r s ago would not 
have been usable . Both of these types of c o m p u t e r s can be used as a 
supplement fo r the other in e c o n o m i c appl ica t ion and r e s e a r c h . 
It was the purpose of this study to d e v e l o p an e l e c t r o n i c analog 
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of a m a c r o - e c o n o m i c sys t em, in this ca se the United States e c o n o m y . 
This e l e c t r o n i c analog should aid in fo recas t ing and should enable rapid 
quantitative evaluation of al ternative e c o n o m i c p r o p o s a l s without the 
need f o r extensive mathemat ica l ana lys i s . The in terac t ion of var ious 
f ac to r s upon others a re to be o b s e r v e d and studied. It i s hoped that the 
m o d e l de r ived f r o m this r e s e a r c h study wil l be helpful in a bet ter under­
standing of the use of analog c o m p u t e r s in the analys is of e c o n o m i c and 
other non -phys i ca l s y s t e m s . 
M a c r o - E c o n o m i c F o r e c a s t i n g 
The re are two types of e c o n o m i c si tuat ions, m i c r o - e c o n o m i c and 
m a c r o - e c o n o m i c . A m i c r o - e c o n o m i c situation invo lves a sma l l s e g ­
ment of the e c o n o m y , such as a pr iva te b u s i n e s s . A m a c r o = e c o n o m i c 
situation is one which invo lves the e c o n o m y as a whole . It i m p l i e s the 
use of aggrega ted v a r i a b l e s . F o r e c a s t i n g the national debt, g r o s s 
national p roduc t , o r p r o d u c e r s ' durable equipment would be e x a m p l e s 
of m a c r o - e c o n o m i c f o r e c a s t i n g . 
Leads and L a g s . - -Some of the m o s t in teres t ing undertakings in f o r e -
cast ing have been the study of the e c o n o m i c phenomena known as leads 
and l a g s . This study of leads and lags cen te r s around the poss ib i l i t y 
that a cer ta in sequence of events wil l exhibit a d e g r e e of regular i ty f r o m 
c y c l e to c y c l e . The method of approach in de te rmining this re la t ionship 
is to invest igate past bus iness c y c l e s with a v i e w to obtaining cer ta in 
3 
time re la t ionships be tween ind ica tors and the i t em of in teres t . Harvard 
Univers i ty at tempted such a p r o g r a m which fai led and was discont inued 
m 1941. 1 This fai lure was attributed to their study of leads and lags 
being confined to only three ind ica to r s : s tock p r i c e s , bank debi t s , and 
s h o r t - t e r m interes t ra tes . In this c a s e , a weak theore t i ca l f r a m e w o r k 
led to an unrea l i s t ic m o d e l . 
The National Bureau of E c o n o m i c R e s e a r c h , under the d i rec t ion 
of Dr . G. H. M o o r e , succes s fu l ly f o r e c a s t the 1953-1954 r e c e s s i o n . 
Ove r eight hundred s ta t is t ical s e r i e s were analyzed f o r the p e r i o d 1919-
193 8 in the hope of finding s e r i e s which had c y c l i c a l swings matching 
genera l bus iness cond i t ions . Twenty-one s e r i e s w e r e s e l ec t ed , of which 
some m o v e d ahead, s o m e m o v e d with, and o thers m o v e d behind the 
2 
general c y c l e s . The re is an imp l i c i t a ssumpt ion that l eads and lags 
constitute the ent i re ty of the theore t i ca l f r a m e w o r k . It is expec t ed 
that this technique, when suff icient ly ref ined, wil l aid e c o n o m i c f o r e ­
cas t ing. With the use of digital c o m p u t e r s fo r reducing data, many 
tasks which were c o n s i d e r e d p r e v i o u s l y as insurmountable m a y now be 
p r o g r a m m e d fo r speedy and accura te so lu t ions . 
Regional Cyc l e s . - -Another approach at f o r eca s t i ng has been that of 
^"E. C. Hald, Bus ines s C y c l e s , C a m b r i d g e , M a s s . , The R i v e r ­
s ide P r e s s , 1954, pp . 3 5 4 - 3 5 6 . 
So J. Mais e l , F luc tua t ions , Growth, and F o r e c a s t i n g , N e w 
Y o r k , John Wiley & Sons , I n c . , 1957, pp. 4 0 0 - 4 0 7 . 
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cons ider ing industr ial a reas as separate entit ies rather than combin ing 
them with other a r eas and studying the national pattern. Six industr ia l 
a r e a s - - L o s A n g e l e s , San F r a n c i s c o , Chicago^, Det ro i t , Cleveland, and 
P i t t s b u r g h - - w e r e studied ex tens ive ly f o r o v e r seventy y e a r s with r e ­
gard to industrial employmen t , depar tment s tore s a l e s , p o w e r sa l e s , 
and bank debi ts . The reasoning here is that bus iness c y c l e s are 
cha rac t e r i s t i c of urban m a s s e s where there is a concent ra t ion of people 
and industr ia l ope ra t ions . Var ia t ions in bus iness ac t iv i t ies a re trans = 
mit ted f r o m bus iness to bus ine s s , and a r ea to a r ea in the c o m p l e x 
re la t ionships between bus iness f i r m s . This approach appears quite 
l o g i c a l . At the t ime of this wri t ing, the United States is in a p e r i o d of 
genera l bus iness r e c e s s i o n . While s o m e a reas have not as yet been 
affected, o thers have felt the pinch of the r e c e s s i o n s ince the lat ter 
part of 1957. The o b j e c t i v e s of the study r e f e r r e d to above we re to 
d i s c o v e r s imi l a r i t i e s or d i f fe rences in the t iming, durat ion, and pattern 
of bus ines s c y c l e s in the s ix s e l e c t e d industr ia l a reas and to identify 
these causes of d ivergent c y c l i c a l r eac t ion . 
The c o n c l u s i o n s drawn f r o m the above inves t iga t ion r evea led that 
there w e r e definite v a r i a n c e s be tween c y c l e s in different indust r ies and 
between c y c l e s in different a r e a s . It cannot be a s s u m e d that reg ional 
3 
Ph i l ip Neff and Annette Weifenbach , B u s i n e s s C y c l e s in 
Se lec ted Industrial A r e a s , L o s A n g e l e s , Univers i ty of Cal i forn ia P r e s s , 
1949, p . 5. ~ 
5 
e c o n o m i c fac to r s wil l behave as the national e c o n o m y d o e s . 
Use of Mode l s in M a c r o - E c o n o m i c Situations 
A sc ient i f ic m o d e l is a representa t ion of some subject of inquiry 
and is used fo r pu rposes of p red ic t ion and con t ro l . The p r i m a r y func­
tion of a sc ient i f ic m o d e l i s explanatory rather than d e s c r i p t i v e . It 
i s intended to faci l i ta te an understanding of how changes in one o r 
m o r e a s p e c t s of the m o d e l may affect o ther a spec t s o r the who le . 4 The 
two types of m o d e l s which have been used in the study of e c o n o m i c 
s y s t e m s have been the analog and the s y m b o l i c . An analog m o d e l r e ­
presen ts one set of p r o p e r t i e s by another set of p r o p e r t i e s . In a s y m ­
bo l i c m o d e l , the componen t s invo lved are r ep resen ted by s y m b o l s - -
usually mathemat ica l o r l o g i c a l in nature. A l l m o d e l s a re e i ther static 
or dynamic . A dynamic m o d e l , as opposed to a static m o d e l , i nvo lves 
t ime . Only dynamic m o d e l s a re of in teres t f o r the p u r p o s e s of this 
study. 
Dynamic M o d e l s . - -The fo l lowing dynamic m o d e l s were consu l ted be fo re 
the deve lopmen t of the e l e c t r o n i c analog d e s c r i b e d in this study: 
(1) . B u r n s ' and Johnson ' s Analogue M o d e l of the F l o w of Money 
5 
in the United States E c o n o m y . In this m o d e l m o n e y payments are 
4 C . W. Churchman, R. H. Curkoff, E . L.. Arnoff , Introduct ion 
to Opera t ion R e s e a r c h , New Y o r k , John Wi ley & Sons , Inc. , 1957, pp . 
157-168 . 
^R. K„ Burns , and H. W. Johnson, Understanding M o n e y and 
Banking, C h i c a g o , Univers i ty of C h i c a g o , 1953, pp . 23-29° 
6 
shown f lowing in a c i r c l e , c o n s u m e r s on one side and p r o d u c e r s on the 
other s ide . The m o d e l is p r o g r e s s i v e l y added to until it contains 
savings and investment , then cash holdings and lending; and finally 
gove rnmen t e c o n o m y with, i ts taxes is shunted into the s t ream of f low. 
(2) . Hald ' s Analogue M o d e l of the F l o w of Money in the United 
States E c o n o m y . This analogue depic ts g raphica l ly the d i r ec t ion in 
which m o n e y f lows in our e c o n o m y with r ega rd to c o n s u m e r s , p r o d u c e r s , 
marke t s , banks , the government and fo r e ign coun t r i e s . This d i ag ram 
a l so shows where m o n e y can be t e m p o r a r i l y r e m o v e d f r o m the f low. 
(3) . Rob inson ' s Analogue Mode l of the F l o w of I n c o m e and 
7 
Spending in the United States. This analogue shows the re la t ionship 
of g r o s s national p roduc t , national i n c o m e , e t c . , with r ega rd to the 
f low of m o n e y (See F igu re 1). The b a s i c idea f o r the m o d e l used in 
this study was obtained f r o m this s o u r c e . 
8 
(4). The Cla rk S y m b o l i c Mode l of the A m e r i c a n E c o n o m y . 
This l inear s y m b o l i c m o d e l e m p l o y s s ix endogeneous va r i ab le s and four 
e x o g e n e o u s v a r i a b l e s , using s ix equat ions . The endogeneous v a r i a b l e s 
are the va lues of these va r i ab les at s o m e t ime p r i o r to that under 
^Hald, op . c i t . , pp . 274 -280 . 
Rob inson , Mor ton , and C a lder wood , An Introduct ion to E c o n o m i c 
Reasonings Washington, B rook ings Institution, 1956, pp . 231-239 . 
o 
° Joseph K r o l , Unpublished C l a s s Notes f o r C o u r s e in "Advanced 
Engineer ing E c o n o m i c s , " G e o r g i a Institute of T e c h n o l o g y , 1957, pp . 60 = 
62. 
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Figure 1 . Flow o f Spending and Income (General) . 
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cons idera t ion . The constants in the equations we re es t imated f r o m 
p rev ious data obtained f r o m a n ine teen-year p e r i o d . 
9 
(5) . H ick ' s Genera l Symbol i c M o d e l . Hicks has three non- l inea r 
equations with three endogeneous var iab les and one exogeneous va r i ab l e . 
He is undoubtedly only in te res ted in establ ishing a m o d e l and not in the 
solut ion of the m o d e l . He la ter adds four m o r e equations to the or ig ina l 
three-^cont inuing to state the nature of the function, but not giving the 
mathemat ica l shape of the function. 
(6). M a i s e l ' s Analogue Mode l of the F l o w of Money in the United 
States. ^® This analogue r ep resen t s the f l o w of spending as a hydraul ic 
pumping s y s t e m through which i n c o m e f lows and in which each of the 
three m a j o r s e c t o r s - ^ c o n s u m e r s , bus ine s s , and g o v e r n m e n t - - i s d e ­
pic ted a s a pumphouse . In the center of the three m a j o r s e c t o r s i s 
another pumping station with an inlet and outlet to each of the m a j o r 
s e c t o r s . Th is station rep resen t s f inancial insti tutions in which m o n e y 
is saved and f r o m which m o n e y i s b o r r o w e d . 
(7) . The Li t t le r S y m b o l i c M o d e l . - * The re are only two d i f fe ren­
tial equations with four endogeneous v a r i a b l e s . This m o d e l cannot 
obv ious ly be so lved , but it does p re sen t s o m e in teres t ing re la t ionships 
Q 
E . F . B e a c h , E c o n o m i c M o d e l s , N e w Y o r k , John Wiley & Sons , 
I n c . , 1957, pp. 5 9 - 6 0 . 
^ M a i s e l , o p . c i t . , pp . 124-125 , 
^ B e a c h , op . c i t . , pp. 8 9 - 9 1 . 
which va ry with t ime . 
B e a c h , op . c i t . , pp . 85 -89 . 
(8). Samue l son ' s Investment S y m b o l i c M o d e l . This m o d e l , 
which cons i s t s of three differential equations with three unknowns, can 
be s o l v e d . Howeve r , the m o d e l appears to be somewhat t r iv ia l , i na s ­
much as its solut ion has no p r a c t i c a l appl icat ion. 
C r i t i c i s m of P r e s e n t E c o n o m i c Mode l s 
Many students of e c o n o m i c s a re c o m i n g to accep t the fac t that 
the e c o n o m i s t who c o n s i d e r s situations in m e r e l y qualitative t e r m s has 
little to o f fe r . Many e c o n o m i s t s , after having examined l imi ted data, 
have es tab l i shed qualitative theor ies f r o m their reasoning of how a 
pa r t i cu la r e c o n o m i c s o c i e t y should function. Such t h e o r i e s , based on 
insuff icient informat ion , do not a lways p r o d u c e va l id resu l t s . 
Although m o s t of the e c o n o m i c m o d e l s d i s c u s s e d above cannot 
be so lved (or would be of little value if s o l v e d ) , n e v e r t h e l e s s , they r e ­
p resen t a dis t inct cont ras t with the c l a s s i c a l approach of m e r e l y quali­
tative reason ing . An engineer ing approach o r , m o r e s p e c i f i c a l l y , one 
through the methods of e c o n o m e t r i c s , m a y in y e a r s to c o m e be advanced 
enough to actual ly so lve within reasonab le a c c u r a c y fo r eca s t i ng p r o -
b l e m s relat ing to va r ious c a u s e - a n d - e f f e c t e c o n o m i c re la t ionsh ips . 
E c o n o m e t r i c s i s defined as the unif icat ion of three points of v i e w 
12 
10 
represen ted by e c o n o m i c theory , mathemat ics and s tat is t ics into a 
13 
quantitative solut ion of e c o n o m i c p r o b l e m s . 
P h y s i c a l Analogues as a Means of Investigating E c o n o m i c Systems 
In the past f ew yea r s in many f ie lds of engineer ing , s c i e n c e , 
and bus ines s , c o m p u t e r s and s imula to rs have c o m e into use in solving 
c o m p l e x p r o b l e m s , e s p e c i a l l y non- l ine a r r e la t ions . A s imula to r"^ 
has a pa r t -by -pa r t c o r r e s p o n d e n c e to the s y s t e m under study. A 
s imula tor can. be thought of as a spec ia l purpose analog c o m p u t e r . 
P h y s i c a l analogues are usual ly ei ther m e c h a n i c a l , e l e c t r i c a l , e l e c t r o n i c , 
1 5 
or hyd rau l i c . 
The analog compu te r m o d e l can be des igned to p r e d i c t the p e r ­
f o r m a n c e of an e c o n o m i c s y s t e m in a manner s i m i l a r to that used in 
engineer ing con t ro l s y s t e m s . Such a compu te r m o d e l will be e s p e ­
c ia l ly useful in analyzing c o m p l e x dynamic behav io r s y s t e m s which 
have f e e d - b a c k and f e e d - f o r w a r d c o m p o n e n t s . The analog c o m p u t e r 
c i r cu i t i s built f r o m functional b l o c k s , which a re d i r ec t analogues of 
components in the s y s t e m to be s imula ted . If the c h a r a c t e r i s t i c s of the 
13 
A . H. Hansen, Bus ines s C y c l e and National I n c o m e , New 
York , W. W. Nor ton & C o . , I n c . , 1951, p . 417 . 
14 
Paul Trun inger , "An Engineer ing A p p r o a c h to the Dynamic 
Behav io r o r M i c r o e c o n o m i c S y s t e m s , " Unpublished T h e s i s , G e o r g i a 
Institute of T e c h n o l o g y , Atlanta, G e o r g i a , 1958, pp . 6 -55 . ( M . S . Thes i s ) 
^ G . A . P h i l b r i c k , A P a l i m p s e t on the E l e c t r o n i c A n a l o g A r t , 
P h i l b r i c k R e s e a r c h e s , I n c . , B o s t o n , 1955, pp . 127=129. 
11 
e c o n o m i c sys t em are known, no c o m p l e x dynamic equations need be 
written. A l l that i s n e c e s s a r y is the s e l ec t ion of the compute r b l o c k 
s imi l a r to the b l o c k in the e c o n o m i c sys t em. 
In p repar ing the fo rego ing l i terature su rvey , the author was un­
able to obtain ev idence that an e l ec t ron i c analog c o m p u t e r has been used 
o r c o n s i d e r e d in the study of the f l ow of spending and i n c o m e in the 
United States. In any case the appl icat ion of e l e c t r o n i c analog c o m ­
puters to the s imulat ion of non -phys i ca l p r o b l e m s i s undoubtedly in the 
ea r ly stage. 
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C H A P T E R II 
THE D E V E L O P M E N T OF A M O D E L 
F O R SPENDING AND INCOME 
The purpose of this chapter is to deve lop a m o d e l f o r spending 
and i n c o m e in the United States. F igure 2, which i s ba sed on F igu re 1, 
i s des igned to show va r ious re la t ionships in g rea te r detai l . A s there 
are 36 components invo lved , it wil l be des i r ab le to define their meaning 
before further d i s c u s s i o n of the m o d e l . Table 1 g ives the explanation 
of the s y m b o l s used in ident i t ies of the m o d e l which a re l i s ted in Table 
2. The quantity known as the g r o s s national p roduc t (GNP) is defined' 
as the total value of goods and s e r v i c e s p r o d u c e d in the United States 
during a pa r t i cu la r y e a r . Its do l la r value is computed in t e r m s of 
the cur ren t marke t p r i c e s . The goods and s e r v i c e s included in the 
GNP are those which are actual ly bought f o r final use in l ega l m a r k e t s . 
These expendi tures a re the sum of four m a j o r i t e m s : (1) p e r s o n a l 
consumpt ion expendi tu res , (2) g r o s s pr iva te d o m e s t i c inves tment , (3) 
government p u r c h a s e s of goods and s e r v i c e s , and (4) net fo re ign inves t ­
ment . "Net fo re ign inves tmen t" m e a s u r e s the net change in the in t e r ­
national a s s e t s and l iab i l i t i es of this country a r i s ing f r o m cur ren t 
t ransac t ions with fo re ign coun t r i e s . This i t em is ins ignif icant in 
Figure 2 . Flow o f Spending and Income (Deta i led) . 
H 
Table 1. Explanation of Symbols Used in Identities 
BIG Bus iness investment in government 
B T P Bus iness t ransfer payments 
C C A Capital consumpt ion a l lowances 
CBI Change in bus iness inventor ies 
C>2 Change in bus iness inven tor ies other than RNF 
CSI Contr ibut ions fo r s o c i a l insurance 
C P T L Corpora t e prof i t tax l iabi l i t ies 
DG Durable goods 
FE F e d e r a l expendi tures 
F e d e r a l expendi tures other than NS 
F T F e d e r a l taxes 
GI Government institutions 
GIB Government inves tments in bus iness 
GPGS Governmen t pu rchase s of goods and s e r v i c e s 
GR Governmen t r ece ip t s 
G T P Governmen t t ransfer payments 
GNP G r o s s national p roduc t 
GPDI G r o s s pr ivate d o m e s t i c inves tment 
IBT & N T L Indi rec t bus iness taxes and non=tax l iabi l i ty 
NI National i n c o m e 
NS National secur i ty 
Table 1. (Continued) 
NIPBG Net in teres t paid by government 
NNP Net national product 
NC New cons t ruc t ion 
NG Non-durable goods 
P C E P e r s o n a l consumpt ion expendi tures 
PDI P e r s o n a l d i sposab le i n c o m e 
PI P e r s o n a l i n c o m e 
PS P e r s o n a l sav ings 
PT & N T P P e r s o n a l tax and non- tax payments 
P B E Pr iva te bus iness expendi tures 
P B R Pr iva te bus iness r ece ip t s 
Pr I P r iva te institutions 
P D E P r o d u c e r s ' durable equipment 
RNF Resident ia l n o n - f a r m cons t ruc t ion 
S S e r v i c e s 
S & L E State and l o c a l expendi tures 
S & L T State and l o c a l taxes 
UCP Undistr ibuted co rpo ra t e prof i t s 
FI F a r m i n c o m e 
NFI N o n - f a r m i n c o m e 
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Table 2„ Identities for Model 
GNP = GPGS + P C E + GPDI 
GPGS = F E + S & LE 
F E = NS + 0 : 
P C E = DG + NG + S 
GPDI = NC + P D E + CBI 
NC = RNF + O z 
CBI - F I f NFI 
NNP - GNP n C C A 
NI - NNP - IBT & N T L - B T P 
PI = NI - C P T L - UCP - CSI + G T P + NIPBG + B T P 
PDI = PI - P T & NTP 
PT&NTP = F T + S & LT 
PS = DPI - DG - NG - S 
PS = GI + P r I 
GR = GI + P T & N T P + CSI + C P T L + IBT & N T L + BIG 
GE - S & L E + Oi + NS + NIPBG + G T P + GIB 
P B R = C C A + UCP + Pr I + GIB 
P B E = CBI + P D E + NC + BIG 
17 
c o m p a r i s o n with the GNP and in t roduces c o m p l i c a t e d re la t ionships 
between s e v e r a l other l a rge r i t e m s . In o r d e r to keep the m o d e l f r o m 
b e c o m i n g unduly c o m p l e x , this i t em will be omit ted and the GNP treated 
as the sum of p e r s o n a l consumpt ion expendi tures , g r o s s private d o m e s -
t ic inves tment , and government pu rchases of goods and s e r v i c e s . 
"Pe r sona l consumpt ion expendi tu res" m e a s u r e s the sum of e x ­
penditures made by c o n s u m e r s ( individuals , nonprofi t inst i tut ions, e t c . ) 
fo r goods and s e r v i c e s . These are durables (such as au tomob i l e s and 
t e lev i s ion s e t s ) , nondurables (such as food and c lo th ing) , and s e r v i c e s 
(such as house rent, mo t ion p i c t u r e s , m e d i c a l expenses and lega l 
adv ice ) . 
" G r o s s pr iva te d o m e s t i c inves tment" cons i s t s of new c o n s t r u c ­
tion, p r o d u c e r s ' durable equipment , and changes in bus iness i nven to r i e s . 
"New cons t ruc t ion" inc ludes a l l the pr iva te cons t ruc t ion of c o m m e r c i a l 
s t ruc tu res , such as o f f i c e s , plants , w a r e h o u s e s , p ipe l ines , and gas 
and o i l w e l l s . It a l s o inc ludes cons t ruc t ion on f a r m s and new housing, 
r e g a r d l e s s whether it i s to be used fo r p e r s o n a l use o r f o r rental . 
" P r o d u c e r s ' durable equipment" inc ludes the m a c h i n e s , t o o l s , and other 
equipment used in c o m m e r c i a l and industr ia l e n t e r p r i s e s as wel l as 
t r ac to r s and other m a c h i n e r y p u r c h a s e s for use on f a r m s . "Net change 
in bus iness i n v e n t o r i e s " m e a s u r e s phys i ca l changes in bus iness in ­
ven to r i e s which are valued at ave r age p r i c e s p reva i l ing during the y e a r . 
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"Government p u r c h a s e s of goods and s e r v i c e s " is those made by 
federa l , state, and l o c a l gove rnmen t s . They include net pu rchases of 
new goods (such as s c h o o l buildings and a r m a m e n t s ) , payments f o r s e r = 
v i c e s (pr incipal ly compensa t ion fo r government e m p l o y e e s ) , g r o s s 
inves tment by gove rnmen t en t e rp r i s e s , net government pu rchase s f r o m 
abroad , and international cont r ibut ions . I t ems , such as t ransfer 
payments , which do not r epresen t current p roduc t ive act iv i ty a re e x ­
cluded. 
"Net national p r o d u c t " is the GNP minus capital consumpt ion 
a l lowances . "Capital consumpt ion a l l o w a n c e s " is c o m p o s e d of d e p r e ­
ciat ion cha rges (an a l lowance fo r the cos t of rep lac ing plant and 
m a c h i n e r y ) , acc iden ta l damage to f ixed capital (which m e a s u r e s the 
value of phys i ca l l o s s e s by f i r e , natural even ts , e t c . ) , and capital 
outlays cha rged to current expense (which r ep re sen t the p u r c h a s e s of 
new durable capital goods inc luded in " g r o s s pr ivate d o m e s t i c i nves t ­
ment" that a re cha rged as cur ren t expense by bus iness rather than 
entered on capital accoun t ) . 
"National i n c o m e " is the net national p roduc t plus subs id i e s 
minus cur ren t surplus of government en t e rp r i s e s (this i t em is ins ign i ­
ficant and is omi t ted f r o m the m o d e l ) minus ind i rec t bus iness taxes and 
non=tax l iabi l i ty minus business, t ransfer payment s . "Indirect bus iness 
t axes" are t axes , such as manufac tu re r s ' sa les o r e x c i s e t axes , which 
are added to the cos t of the p roduc t be fo re it i s so ld . They i n c r e a s e 
19 
the marke t p r i c e (which i s the bas i s fo r measur ing the GNP) but do not 
represen t a reward to a product ive unit. "Non- tax l iabi l i ty , " which i s 
c o n s i d e r e d joint ly with ind i rec t bus iness taxes , c o n s i s t s of payments fo r 
such spec i f i c s e r v i c e s as are p rov ided within the f r a m e w o r k of genera l 
government act ivi ty . "Bus iness t ransfer paymen t s " cons i s t s of the 
mone ta ry income rece ip t s of individuals f r o m bus iness fo r which no 
s e r v i c e s are r ende red cur ren t ly , of co rpo ra t e gifts to nonprofi t ins t i ­
tutions, and of individuals ' bad debts to b u s i n e s s . "National i n c o m e " 
can a l s o be d e s c r i b e d as the total i n c o m e earned by those contributing 
to cur ren t p roduc t ion . In this sense it i s the sum of the fo l lowing five 
ma jo r i t e m s : compensa t ion of e m p l o y e e s , p r o p r i e t o r s ' i n c o m e , rental 
i n c o m e of p e r s o n s , net in te res t , and c o r p o r a t e p ro f i t s . 
" P e r s o n a l i n c o m e " i s the national i n c o m e minus undistr ibuted 
co rpora t e prof i t s ( i . e . those prof i t s which are retained by bus iness fo r 
expans ion , inves tmen t s , e t c . ) minus c o r p o r a t e prof i t s tax l iabi l i ty 
( i . e . those prof i t s which are t r ans fe r r ed to the government ) minus 
contr ibut ions f o r s o c i a l insurance ( i . e . that amount of m o n e y which 
bus iness paid d i r e c t l y to the government fo r s o c i a l s ecur i ty p r o g r a m s ) 
minus c o r p o r a t e inventory adjustment and e x c e s s of wage a c c r u a l s ove r 
d i sbu r semen t s (these two i t e m s are ins ignif icant and wil l be omit ted 
f r o m the m o d e l ) plus net in teres t paid by government plus government 
t ransfer payments plus bus iness t ransfer paymen t s . "Net in te res t paid 
by g o v e r n m e n t " is the in te res t on s tocks and bonds which w e r e i s sued 
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by l o c a l , state, and federa l government . "Government t ransfer pay ­
men t s " cons i s t s of mone ta ry i n c o m e r ece ip t s of individuals f r o m 
government for which no s e r v i c e s are rendered cur ren t ly , and of 
government payments to nonprofi t inst i tut ions. "Bus ines s t ransfer 
p a y m e n t s " i s defined above . "Pe r sona l i n c o m e " can a l s o be d e s c r i b e d 
as the c o m p o s i t e of i n c o m e r e c e i v e d cur ren t ly by individuals , by unin-
c o r p o r a t e d b u s i n e s s e s , and by nonprofi t inst i tut ions. 
" P e r s o n a l d i sposab le i n c o m e " i s p e r s o n a l i n c o m e minus p e r s o n a l 
tax and non- tax payments . These taxes accoun t fo r the d i f fe rence b e -
tween wages o r s a l a r i e s b e f o r e and after t axes . Included in these taxes 
are i n c o m e taxes , p r o p e r t y t axes , e t c . These t axes are paid to 
f ede ra l , state, and l o c a l gove rnmen t s . 
" P e r s o n a l s av ings" is pe r sona l d i sposab le i n c o m e minus p e r ­
sonal consumpt ion expendi tu res . These expendi tures we re defined 
a b o v e . Individuals take these savings and p lace them in e i ther g o v e r n ­
ment insti tutions o r pr ivate inst i tut ions. 
"Government r e c e i p t s " is c o m p o s e d of the fo l lowing i t e m s : 
savings in government inst i tut ions, pe r sona l tax and non- tax payments , 
contr ibut ions fo r s o c i a l i n su rance , c o r p o r a t e p ro f i t s tax l iabi l i ty , and 
ind i rec t bus iness tax and non- tax l iabi l i ty . "Gove rnmen t expendi tu res" 
i s the p u r c h a s e s of goods and s e r v i c e s of the f ede ra l , state, and l o c a l 
governments plus net in te res t paid by gove rnmen t plus gove rnmen t 
t ransfer paymen t s . F e d e r a l expendi tures are c o m p o s e d main ly of 
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"national s ecu r i ty" expendi tures . 
It i s obvious that the r ece ip t s and expendi tures of c o n s u m e r s , 
bus ines s , and government wil l not a lways be equal when each i s c o n s i -
de red separa te ly . H o w e v e r , when c o n s i d e r e d as a g roup , the total 
r ece ip t s must equal the total expendi tures . If "private b u s i n e s s " has an 
e x c e s s of ea rn ings , i t wil l inves t in "gove rnmen t . " C o n v e r s e l y , if 
government has an e x c e s s of r e c e i p t s , it will inves t in pr iva te bus iness . 
P e r s o n a l sav ings wi l l , excep t in a s e r i ous r e c e s s i o n , a lways be p o s i ­
t ive; these a re inves ted in ei ther government o r pr ivate bus ine s s , d e ­
pending on a t t rac t iveness of the venture . 
The above desc r ip t i on defines the e c o n o m i c s y s t e m which was 
analyzed in this study. Va r ious contempla ted changes and addit ions 
were not adopted. One p o s s i b l e change was the dividing of the b l o c k , 
government , into three b l o c k s entit led " federa l gove rnmen t , " "state 
government , " and " l o c a l government . " Another was the inc lus ion of 
va r ious debts , the debts of the above three government a g e n c i e s , debts 
of pr iva te bus ine s s , and debts of individuals and nonprofi t ins t i tut ions. 
There would a l s o have been a " f l o w " into o r out of the va r ious debts 
b locks i l lustrat ing the i n c r e a s e o r d e c r e a s e of the deb ts . F a c t o r s 
which prohib i ted these changes were the fo l lowing : data were not 
readi ly ava i lab le , there were va r ious c o m p l e x i t i e s which would be i n t r o ­
duced by the i n t e r - r e l a t i onsh ips of the debt b l o c k s with other exis t ing 
b l o c k s , and part of the data were l i s ted a c c o r d i n g to f i s c a l y e a r s while 
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other data were l i s ted by calendar y e a r s . Although this analog of spend-
ing and i n c o m e does not c o r r e s p o n d exac t ly with the actual s y s t e m of 
which it i s a m o d e l , it i s hoped that it will be sufficiently accu ra t e . 
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C H A P T E R III 
INSTRUMENTATION, E Q U I P M E N T , AND PROCEDURES 
The m o d e l of spending and i n c o m e as drawn in F igu re 2 is at 
bes t only a d iag ramat i c representa t ion of the United States e c o n o m y . 
Our e c o n o m y i s , h o w e v e r , v e r y dynamic and should be r ep re sen t ed by 
a dynamic type of m o d e l which will va ry with t ime . The d iagramat ic 
m o d e l shown in F igure 2 is deve loped into an e l e c t r o n i c analog shown 
in F igu re 3. The e l e c t r o n i c m o d e l in F igu re 3 is the same m o d e l as 
in F i g u r e 2, with the excep t ion that m o s t of the b l o c k s a re r ep resen ted 
by analog compu te r c o m p o n e n t s . I tems in F igu re 2 and F i g u r e 3 are 
in the same re la t ionship to each other fo r r e f e r e n c e c o n v e n i e n c e . 
Two s e r i e s of expe r imen t s were conducted with the e l e c t r o n i c 
m o d e l of the e c o n o m i c s y s t e m . F o r b r e v i t y ' s sake , these two s e r i e s 
of expe r imen t s a re r e f e r r e d to as "Exper imen t 1" and "Expe r imen t 2. " 
Exper imen t 1 c o n s i s t e d of deve lop ing and refining the m o d e l which had 
p r e v i o u s l y been deve loped on pape r . A s a resul t of this f i r s t s e r i e s 
of e x p e r i m e n t s , Expe r imen t 2, which c o n s i s t e d of fo recas t ing and the 
determining v a r i o u s effects of one b l o c k upon another , was p e r f o r m e d . 
These expe r imen t s were conducted in the Ana log Compute r L a b o r a t o r y 
of the Engineer ing E x p e r i m e n t Station, G e o r g i a Institute of T e c h n o l o g y , 
on the B e r k e l e y Mode l 1032 Ana log C o m p u t e r . 
LEGEND 
Q POTENTIOMETER SUMMING AMPLIFIER 
O ) POTENTIOMETER VARIABLE WITH TIME 
Figure 3 . Electronic Analog of United States Flow of Spending and Income (General). 
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F r o m F igure 3 the exact analog compute r notation was de r ived 
and i nco rpo ra t ed into F igure 4, F igure 4 is the actual analog p r o g r a m 
which was used in all expe r imen t s . 
The e l ec t ron i c equipment which was used will be d e s c r i b e d along 
with the function which it p e r f o r m e d in the analog c i r c u i t r y . 
Summing a m p l i f i e r s . Twenty summing ampl i f i e r s were ut i l ized. 
Thei r function was to add the va r ious inputs at each stage into a c o m p o ­
site i t e m . 
Integrating a m p l i f i e r s . Three in tegra te r s were used . The i r 
purpose was to integrate with r e s p e c t to t ime and to actuate cer ta in 
r e l a y s . 
P o t e n t i o m e t e r s . Th i r ty - th ree po ten t iomete r s we re used . These 
po ten t iome te r s dis t r ibuted the i n c o m e f r o m a l a r g e r c a t e g o r y down into 
sma l l e r c a t e g o r i e s . A po ten t iomete r was used when it was n e c e s s a r y 
to take a ce r ta in pe rcen tage of i n c o m e f r o m a summing ampl i f i e r or 
another po ten t iomete r and distr ibute it a c c o r d i n g to a p r ede t e rmined 
ra t io . F o r the method used in de termining the actual value of po ten t io ­
m e t e r s , r e f e r to Appendix I. 
Se rvo re s o l v e r . One re s o l v e r was used. Its purpose was that 
of p rov id ing a changing rat io of the spending and i n c o m e i t ems to the 
GNP as r equ i red . 
Mul t ip l ie r . One mul t ip l i e r was used. Its function was to 
mul t iply cer ta in auxi l iary componen t s in the analog. 
Figure k. Electronic Analog of United States Flow of Spending and Income (Detailed). 
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Operat ional r e l ay . One re lay was used . It p l aced the re s o l v e r 
into ac t ion at a p r ede t e rmined t ime . 
X - Y r e c o r d e r . A l l outputs r e c o r d e d f r o m the analog were drawn 
on the X - Y r e c o r d e r with the X - a x i s being used as the t i m e - a x i s . 
Diode function genera to r . One function genera to r was used. 
Its values were changed three t i m e s . The function genera to r p roduced 
the fo rc ing function f o r the entire analog by inject ing into the analog 
a curve represen t ing the growth of the GNP. 
A s c h e m a t i c represen ta t ion of the componen t s r e f e r r e d to above 
is shown in F igure 5. 
Exper imenta l p r o c e d u r e s were des igned as f o l l o w s : 
1. P e r c e n t a g e s of al l " I n c o m e s and Expend i tu re s " to the GNP 
for all y e a r s f r o m 1933 through 1949 ( i . e . a total of 17 y e a r s ) were o b ­
tained. These pe rcen t ages a r e shown in Table 3 through Table 24. 
2. These p e r c e n t a g e s were used in the setting of va r ious 
componen t s r equ i red in the analog f o r the fo r eca s t i ng of i n c o m e s and 
expendi tures in future y e a r s . 
3. The resu l t s f o r e c a s t e d f o r the y e a r s 1950 through 1954 were 
c o m p a r e d with the actual f igures as obtained f r o m the U. S. Depar t ­
ment of C o m m e r c e . 
4. A s there was r ea son to b e l i e v e that the f igures w e r e not 
representa t ive of the actual r e su l t s , mod i f i ca t ions were at tempted in 
o r d e r to a r r i ve at a m o r e accura te m o d e l . 
B 
B ) / K d t 
- W W W -
RESISTOR 
SUMMING AMPLIF IER I N T E G R A T I N G AMPLIFIER 
C / 1 0 0 
X ( C / 1 0 0 ) 
P O T E N T I O M E T E R D-C AMPLIFIER 





O P E R A T I O N A L 





G E N E R A T O R 
Figure 5 - Explanation of Electronic Components of the Analog. 
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Table 3. Breakdown of G r o s s National P r o d u c t 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
GNP 5 6 . 0 100.00 
C C A 7 .9 14.11 
NNP 47 . 3 84. 46 
IBT & N T L 6.1 10. 89 
NI 4 0 . 2 7 1 . 7 9 
B T P 0.1 0 .18 
C P T L 0 . 5 0 . 8 9 
CSI 0 . 2 0 .36 
PI 4 7 . 2 8 4 . 2 9 
UCP - 2 . 4 =4 .29 
NIPBG 0 . 5 0 .89 
GTP 1.3 8 .32 
FT 0 . 5 0 . 8 9 
S & LT 1.3 2. 32 
P T h N T P 1. 5 2. 68 
PDI 4 5 . 7 81 .61 
PS - 0 . 6 - 1 . 0 7 





S & LE 
F E 
GPGS 











Bi l l ions P e r Cent 




































- 2 . 50 
for 1933 
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Table 4. Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 65. 0 
C C A 7 .9 
NNP 5 6 . 9 
IBT & N T L 6. 8 
NI 
B T P 















































S & LE 
FE 
GPGS 











Bi l l ions P e r Cent 


















- 2 . 4 

















- 3 . 70 
fo r 1934 
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Table 5. Breakdown of Gi 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 72 .5 100.00 
C C A 7 .9 10 .90 
NNP 6 4 . 1 88 .41 
IBT & NTL, 7. 1 9. 80 
NI 57. 1 78. 76 
B T P 0 . 2 0 .28 
C P T L 1.0 1.38 
CSI 0 . 2 0 .28 
PI 6 0 . 2 83 .03 
UCP - 0 . 7 - 0 . 97 
NIPBG 0. 7 0. 97 
G T P 1.6 2 .21 
FT 0 .8 1.10 
S & LT 1.7 2. 34 
P T & N T P 1. 9 2. 62 
PDI 58 .3 80 .41 
PS 2 .0 2 .76 
DG 5, 1 7. 03 
s National P r o d u c t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
NG 29 .3 40 .41 
S 2 1 . 9 30 .21 
NS 0 .0 0 .00 
ox 0 . 0 0 .00 
S & LE 7.1 9. 79 
F E 2 . 9 4 . 0 0 
GPGS 10 .0 13 .80 
P C E 56 .3 7 7 . 6 6 
GPDI 6.3 8 .69 
NC 2. 3 3. 17 
RNF 1.0 1.38 
O z 1.3 1.79 
PDE 3.1 4 . 2 8 
CBI 0 . 9 1.24 
F 0 . 5 0 .69 
NF 0 . 4 0 . 5 5 
BIG 0. 1 0. 14 
GIB - 2 . 0 - 2 . 7 6 
for 1935 
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Table 6. Breakdown of G r o s s National P roduc t 
for 1936 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 
C C A 
NNP 
NI 
B T P 





G T P 
FT 












































S & LE 
F E 
GPGS 











Bi l l ions P e r Cent 













4 . 2 
1.0 
- 1 . 1 
2. 1 
- 1 . 8 















- 1 . 33 
2. 54 
- 2 . 18 
- 3 . 63 
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Table 7. Breakdown of G r o s s National P r o d u c t 
Bi l l ions P e r Gent 
of Do l l a r s of GNP 
GNP 90.8 100.00 
C C A 8.1 8.92 
NNP 81.2 89.43 
IBT & N T L 7. 5 8. 26 
NI 73.6 81.06 
B T P 0.3 0.33 
C P T L 1.5 1.65 
CSI 1.7 1.87 
PI 73.9 81.39 
UCP 0.0 0.00 
NIPBG 0.8 0.88 
G T P 1.7 1.87 
FT 1.4 1.54 
S & LT 1.7 1. 87 
P T & N T P 2. 9 3. 19 
PDI 71. 0 78. 19 
PS 3.7 4.07 
DG 6.9 75.99 
Bil l ions P e r Cent 
of Do l l a r s of GNP 
NG 35.2 38.77 
S 25.1 27.64 
NS 0.0 0.00 
ox 0.0 0.00 
S & LE 7. 2 7. 93 
F E 4.6 5.07 
GPGS 11.7 12.89 
P C E 67. 3 74. 12 
GPDI 11.7 12.89 
NC 4.4 4.84 
RNF 1.9 2.09 
Oz 2.5 2.75 
P D E 5.1 5.62 
CBI 2.2 2.42 
F 0.5 0.55 
NF 1.7 1.87 
BIG -4. 0 -4. 40 
GIB 0.6 0.66 
for 1937 
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Table 8. Breakdown of G r o s s National P roduc t 
fo r 1938 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 
C C A 
NNP 
NI 
B T P 





G T P 
FT 















P T & N T P 2. 9 



























S & LE 
F E 
GPGS 










Bi l l ions P e r Cent 














- 0 . 9 
0. 1 
- 1 . 0 
0. 1 














- 1 . 06 
0. 12 
- 1 . 17 
0. 12 
GIB - 1 . 88 
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Table 9. Breakdown of G r o s s National P roduc t 
for 1939 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 91 .1 100.00 
C C A 8 .2 9 .00 
NNP 81 . 2 89. 13 
IBT & N T L 8. 6 9° 44 
NI 72 .8 79. 91 
B T P 0 . 4 0 . 4 4 
C P T L 1.4 1.54 
CSI 2 . 0 2 .20 
PI 72 .9 8 0 . 0 2 
UCP 1.2 1.32 
NIPBG 1.0 1.10 
G T P 2 . 5 2 . 7 4 
FT 1.3 1.43 
S & LT 1.9 2. 09 
P T & N T P 2. 4 2. 63 
DPI 7 0 . 4 77 .28 
PS 2. 9 3. 18 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
NG 35. 1 38. 53 
S 25 .8 2 8 . 3 2 
NS 1.3 1.42 
O j 3 .9 4 . 2 8 
S & LE 8 .2 9. 00 
FE 5 .2 5.71 
GPGS 13 .3 14 .60 
P C E 6 7 . 6 74 .20 
GPDI 9 .3 10 .21 
NC 4 . 8 5 .27 
RNF 2. 7 2. 96 
O z 2 . 0 2 .20 
PDE 4 . 2 4 .61 
CBI 0 . 4 0 . 4 4 
F 0 .1 0 .11 
NF 0. 3 0. 33 
BIG - 1 . 9 - 2 . 0 9 
DG 6 . 7 7 .35 GIB - 2 . 1 - 2 . 3 1 
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Table 10. Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
GNP 100.6 100.00 
C C A 8 .4 8 .40 
NNP 91 .3 90 .76 
IBT & N T L 9. 6 9. 54 
NI 8 1 . 6 81. 11 
B T P 0 . 4 0.4.0 
C P T L 2 . 8 2 .78 
CSI 2 .1 2 .09 
PI 7 8 . 7 78 .23 
UCP 2 . 4 2 . 3 9 
NIPBG 1.2 1.19 
G T P 2 . 9 2 .88 
FT 1.4 1.39 
S & L T 1.9 1. 89 
P T & N T P 2. 6 2. 58 
DPI 76. 1 75. 65 
PS 4. 2 4. 17 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
NG 3 7 . 2 36 .98 
S 2 6 . 9 2 6 . 7 4 
NS 2 . 2 2 . 1 9 
O j 4 . 0 3 .98 
S & LE 7. 9 7. 85 
F E 6 . 2 6 .16 
GPGS 14. 1 14. 02 
P C E 7 1 . 9 71 .47 
GPDI 1 3 . 2 1 3 . 1 2 
NC 5 .5 5 .47 
RNF 3 .0 2 .98 
Q 2 2 . 5 2 . 4 9 
P D E 5 .5 5 .47 
CBI 2. 2 2. 19 
F 0 .3 0 .30 
NF 1.9 1.89 
BIG - 4 . 3 - 4 . 26 
DG 7. 8 7. 75 GIB - 0 . 7 - 0 . 6 9 
for 1940 
37 
Table 11. Breakdown of G r o s s National P r o d u c t 
fo r 1941 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 





IBT & N T L 11.3 
NI 
B T P 





G T P 
FT 








































S & LE 
FE 
GPGS 











Bi l l ions P e r Cent 

















- 7 . 7 

















- 6 . 10 
- 3 . 03 
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Table 12. Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 





IBT & N T L 11 .8 
NI 
B T P 





G T P 
FT 







































S & L E 
FE 
GPGS 










Bi l l ions P e r Cent 







































Table 13. Breakdown of G r o s s National P r o d u c t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 





IBT & N T L 12. 7 
NI 
B T P 





G T P 
FT 








































S & LE 
FE 
GPGS 











Bi l l ions P e r Cent 














- 0 . 8 
- 0 . 2 
- 0 . 6 
12. 9 
-44 . 2 
30. 81 
18. 03 











- 0 . 42 
- 0 . 10 
- 0 . 31 
6. 65 
- 2 2 . 8 0 
for 1943 
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Table 14. Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of Dol l a r s of GNP 
GNP 2 1 1 . 4 100.00 
C C A 1 2 0 . 0 5 .67 
NNP 1 9 9 . 4 9 4 . 3 2 
IBT & N T L 14. 1 6. 67 
NI 182.6 86 .38 
B T P 0 .5 0 . 2 4 
C P T L 12 .9 6 .10 
CSI 5 .2 2 . 4 6 
PI 165. 7 78. 38 
UCP 5. 7 2. 70 
NIPBG 2 .8 1.32 
G T P 3.1 1.47 
F T 17 .5 8 .28 
S & LT 1.4 0. 66 
P T & N T P 18. 9 8. 94 
DPI 146 .8 6 9 . 4 4 
PS 3 6 . 9 17 .46 
DG 6 .8 3 .72 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
NG 6 5 . 4 30 .94 
S 37. 7 17. 83 
NS 8 8 . 6 4 1 . 9 1 
0 2 1.6 0 .76 
S & LE 7. 5 3. 55 
FE 8 9 . 0 4 2 . 1 0 
GPGS 9 6 . 5 4 5 . 6 3 
P C E 109 .8 5 1 . 9 4 
GPDI 7. 1 3. 36 
NC 2 . 7 1.28 
RNF 0 . 8 0 . 3 8 
O z 1.9 0 .90 
P D E 5 . 4 2 . 5 5 
CBI - 1 . 0 - 0 . 4 7 
F - 0 . 4 - 0 . 19 
NF - 0 . 6 - 0 . 2 8 
BIG 1 2 . 2 5 .80 
GIB - 5 1 . 9 - 2 4 . 5 0 
for 1944 
Table 15. Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 2 1 3 . 6 100 .00 
C C A 12 .5 5 .85 
NNP 2 0 1 . 0 94 .10 
IBT & N T L 15. 5 7 .26 
NI 181 .2 84 .83 
B T P 0 .5 0 .23 
C P T L 10 .7 5.01 
CSI 6 .1 7 .86 
PI 171 .2 .80.15 
UCP 3 .6 1.69 
NIPBG 3 . 7 1. 73 
G T P 5 .6 2 . 6 2 
F T 1 9 . 4 9 .08 
S & LT 1.5 0. 70 
P T & N T P 20. 9 9. 78 
DPI 1 5 0 . 4 70 .41 
PS 28. 7 13. 44 
DG 8. 1 3. 79 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
NG 7 3 . 2 34 .27 
S 4 0 . 4 18.91 
NS 7 5 . 9 35 .53 
Ol 1.0 0 . 4 7 
S & LE 8. 1 3. 79 
FE 7 4 . 8 35 .01 
GPGS 8 2 . 9 38 .81 
P C E 121 .7 5 6 . 9 8 
QPDI 1 0 . 4 4 . 8 7 
NC 3 .8 1.78 
RNF 1.1 0 .51 
0 9 2 . 8 1.31 
P D E 7 .7 3 .60 
CBI - 1 . 1 - 0 . 51 
F - 0 . 5 - 0 . 2 3 
NF - 0 . 6 - 0 . 2 8 
BIG 6 .6 3 .10 
GIB - 3 9 . 7 - 1 8 . 6 0 
for 1945 
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Table 16. Breakdown of G r o s s National P r o d u c t 
fo r 1946 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 
C C A 
NNP 
NI 
B T P 





G T P 
FT 
S & LT 












































S & LE 
FE 
GPGS 











Bi l l ions P e r Cent 















- 0 . 3 
6 .4 
















- 0 . 14 
3 .06 
-8 . 05 
2. 00 
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Table 17, Breakdown of G r o s s National P roduc t 
for 1947 
Bi l l ions P e r Cent B i l l ions P e r Cent 
of Do l l a r s of GNP of Do l l a r s of GNP 
GNP 232. 2 100, , 00 NG 93. 1 40. 09 
C C A 14. 1 6, . 03 S 51. 3 22. 09 
NNP 218, 1 93. . 93 NS 13. 3 5. 73 
IBT & N T L 18. 7 8. 05 ° i 3. 8 1. 64 
NI 197. 2 84. 93 S & LE 12. 8 5. 51 
B T P 0. 7 0. 30 FE 15. 8 6. 80 
C P T L 11. 3 4. 87 GPGS 28. 6 12. 32 
CSI 5. 7 2. 45 P C E 165. 0 71. 06 
PI 190. 5 82. 04 GPDI 29. 7 12. 79 
UCP 11. 7 5. 04 NC 14. 0 6. 03 
NIPBG 4. 4 1. 89 RNF 6. 3 2. 71 
GTP 11. 1 4. 78 °2 7. 7 3. 32 
FT 19. 7 8. 48 PDE 16. 7 7. 19 
S & LT 1. 9 0. 82 CBI - 1 . 0 - 0 . 43 
P T & N T P 21. 5 9. 26 F = 2. 3 - 0 . 99 
DPI 169. 0 72. 78 NF 1. 3 0. 56 
PS 4. 0 1. 72 BIG -18 . 7 - 8 . 08 
DG 20. 6 8. 87 GIB 13. 3 5. 75 
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Table 18. Breakdown of G r o s s National P roduc t 
for 1948 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
GNP 257 .3 100 .00 
C C A 16 .5 6 .41 
NNP 2 4 0 . 8 9 3 . 5 9 
IBT & N T L 2 0 . 4 7. 93 
NI 2 2 1 . 6 86 ,13 
B T P 0 .7 0 . 2 7 
C P T L 12 .5 4 . 8 6 
CSI 5 .2 2 . 0 2 
PI 2 0 8 . 7 81 .11 
UCP 13 .0 5 .05 
NIPBG 4 . 4 1.71 
G T P 10 .5 4 . 0 8 
F T 19 .0 7 .38 
S & LT 2. 1 0. 82 
P T & N T P 21 . 1 8. 26 
DPI 187 .6 72 .91 
PS 10 .0 3 .89 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
NG 9 8 . 7 38 .36 
S 5 6 . 7 22 .04 
NS 1 6 . 0 6 . 2 2 
Ol 5 .6 2 . 1 8 
S & L E 15. 6 6. 06 
F E 21. 0 8. 16 
GPGS 3 6 . 6 14 .22 
P C E 177 .0 6 8 . 7 9 
GPDI 4 1 . 2 16 .01 
NC 17 .9 6 .96 
RNF 8.6 3 .34 
O z 9 .3 3 .61 
P D E 19. 1 7. 42 
CBI 4 . 2 1.63 
F 1.2 0 .47 
NF 3 .0 1.17 
BIG - 1 5 . 7 - 6 . 1 0 
GIB 7 .9 3 .05 DG 2 2 . 2 8.63 
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Table 19° Breakdown of G r o s s National P roduc t 
for 1949 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 
C C A 
NI 
B T P 





G T P 
FT 
S & LT 






NNP 238. 9 





































S & LE 
FE 
GPGS 











Bi l l ions P e r Cent 














- 2 . 7 
- 0 . 8 
- 1 . 9 
- 4 . 4 














- 1 . 05 
- 0 . 31 
- 0 . 74 
- 1 . 70 
- 1 . 24 
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Table 20, Breakdown of G r o s s National P roduc t 
for 1950 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 285. 1 100. 00 
C C A 20. 5 7. 19 
NNP 2 6 4 . 6 92 .81 
IBT & N T L 23. 7 8. 31 
NI 2 4 0 . 0 8 4 . 1 8 
B T P 0 .8 0 .28 
C P T L 17 .8 6 .25 
CSI 6„ 9 2 . 4 2 
PI 227. 1 83. 10 
UCP 12. 9 4. 53 
NIPBG 4 . 7 1.65 
G T P 14 .3 5 .00 
FT 1 8 . 2 6 .40 
S & LT 2. 7 0. 95 
P T & N T P 20. 9 7. 35 
DPI 206. 1 72. 50 
PS 12.1 4 . 2 5 
DG 2 8 . 6 10 .15 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
NG 100 .4 35 .00 
S 6 5 . 0 22 .80 
NS 18 .5 6 .51 
0 : 3 . 9 1.37 
S & LE 19. 9 6. 99 
F E 22. 1 7. 75 
GPGS 42 . 0 14. 73 
P C E 194. 0 68. 10 
GPDI 5 1 . 2 17 .96 
NC 22. 7 7. 97 
RNF 12 .6 4 . 4 2 
O z 1 0 . 2 3 .58 
P D E 21 . 1 7. 40 
CBI 7 . 4 2 . 5 9 
F 1.0 0 . 3 5 
NF 6 . 4 2 . 2 4 
BIG - 2 0 . 4 - 7 . 1 8 
GIB 8. 1 2. 83 
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Table 21, Breakdown of G r o s s National P roduc t 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 3 2 8 . 2 100.00 
C C A 23. 5 7. 17 
NNP 304. 8 92. 80 
IBT & N T L 25. 6 7. 81 
NI 277. 0 84. 50 
B T P 1.0 0 .31 
C P T L 2 2 . 5 6 .85 
CSI 8 .2 2 . 4 9 
PI 255 .3 78 .00 
UCP 9 .6 2 . 9 2 
NIPBG 4 . 8 1.46 
G T P 11 .6 3 .55 
F T 26. 3 7. 97 
S & L T 3 .0 0. 92 
P T & N T P 29. 3 8. 95 
DPI 226. 1 69. 00 
PS 17 .7 5 .40 
Bi l l ions P e r Cent 
of D o l l a r s of GNP 
NG 111.1 33. 81 
S 70. 1 21 . 30 
NS 3 7 . 3 11 .38 
O j 4 . 2 1.29 
S & LE 2 1 . 8 6 .65 
F E 4 1 . 0 12.51 
GPGS 62. 8 19. 10 
P C E 2 0 8 . 3 6 3 . 7 0 
GPDI 5 6 . 9 17 .32 
NC 2 3 . 3 7 .12 
RNF 11 .0 3 .35 
O z 12 .3 3 .75 
P D E 2 3 . 2 7 .06 
CBI 1 0 . 4 3 .16 
F 1.4 0 .43 
NF 9. 0 2. 73 
BIG - 2 5 . 2 - 7 . 6 9 
DG 27. 1 8. 27 GIB 6 .2 1.89 
for 1951 
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Table 22. Breakdown of G r o s s National P roduc t 
for 1952 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 3 4 5 . 2 100 .00 
C C A 2 5 . 5 7 .40 
NNP 3 1 9 . 7 92 .60 
IBT & N T L 28. 1 8. 10 
NI 289. 5 83. 70 
B T P 1.2 0 .35 
C P T L 19 .8 5 .75 
CSI 8 .6 2 . 4 9 
PI 271. 1 78 .50 
UCP 7.1 2 . 0 6 
NIPBG 4 . 9 1.42 
G T P 12 .0 3 .48 
FT 3 1 . 2 9 .05 
S & LT 3 . 2 0. 93 
P T & N T P 34. 4 9. 90 
DPI 2 3 6 . 7 68 .50 
PS 1 8 . 4 5.31 
DG 2 6 , 6 7 .72 
Bi l l ions P e r Cent 
of Do l l a r s of ,GNP 
NG 116 .0 33 .60 
S 7 5 . 7 2 1 . 8 5 
NS 4 8 . 8 14 .10 
O 5 .8 1.68 
S & L E 23. 2 6. 72 
FE 54 .3 15 .72 
GPGS 7 7 . 5 2 2 . 4 0 
P C E 218 .3 63 .21 
GPDI 4 9 . 6 14 .36 
NC 2 3 . 7 6 .86 
RNF 11.1 3. 19 
O 1 2 . 7 3 .69 
PDE 2 3 . 1 6 .71 
CBI 2 . 8 0 .81 
F 0 . 7 0 .20 
NF 2 .1 0 .61 
BIG - 1 5 . 8 - 4 . 5 9 
GIB - 3 , 3 - 0 . 9 6 
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Table 23. Breakdown of G r o s s National P roduc t 
for 1953 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 3 6 4 . 5 100.00 
C C A 2 7 . 8 7 .65 
NNP 3 3 6 . 7 92 .35 
IBT & N T L 30. 2 8. 30 
NI 303 .6 83 .50 
B T P 1.2 3 .30 
C P T L 2 1 . 3 5 .85 
CSI 8 .7 2 . 3 9 
PI 2 8 6 . 2 78 .50 
UCP 7 .7 2 . 1 2 
NIPBG 5.0 1.3 7 
G T P 12 .8 3 .53 
FT 3 2 . 4 8 .88 
S & LT 3 . 4 0. 94 
P T & N T P 35. 8 9. 81 
DPI 2 5 0 . 4 6 8 . 8 0 
PS 19 .8 5 .47 
DG 2 9 . 8 8 .20 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
NG 118 .9 32 .81 
S 8 1 . 8 22 .43 
NS 5 1 . 4 14 .09 
8 .5 2 .33 
S & LE 25. 0 6. 85 
F E 5 9 . 5 16 .34 
GPGS 8 4 . 5 23 .21 
P C E 2 3 0 . 6 6 3 . 2 2 
GPDI 5 1 . 4 14 .08 
NC 2 5 . 8 7 .08 
RNF 11 .9 3 .28 
O z 13 .8 3 .79 
PDE 2 4 . 4 6 .71 
CBI 1.2 0 .33 
F - 0 . 7 - 0 . 19 
NF 1.9 0 . 5 2 
BIG -15 . 1 - 4 . 15 
GIB - 6 . 0 - 1 . 6 5 
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Table 24. Breakdown of G r o s s National P roduc t 
for 1954 
Bi l l ions P e r Cent 
of Do l l a r s of GNP 
GNP 
C C A 
NNP 
NI 
B T P 





G T P 
FT 
S & LT 





































71 . 00 
5. 09 
8. 15 
Bi l l ions P e r Cent 





S & LE 
F E 
GPGS 

























- 2 . 9 
0. 3 
= 3. 2 
-10 . 2 














- 0 . 81 
0. 08 
- 0 . 89 
- 2 . 83 
- 1 . 99 
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5. Fo l lowing the mod i f i ca t ions , there was no reason to be l i eve 
that the f igures were not representa t ive of the actual resu l t s . C o n s e ­
quently, a new set of f igures was de r ived , ut i l izing the y e a r s 1933 
through 1954 fo r the purpose of br inging up to date any s l o w changes 
that might be o c c u r r i n g both in GNP and in the spending and i n c o m e 
i t e m s . 
6. These r e su l t s were then used fo r fo recas t ing i n c o m e and 
expendi tures fo r the y e a r s 1954 through 1961. An attempt was made 
a l so to p r o j e c t the GNP until the yea r 2000. The r e su l t s of these c a l ­
culat ions a re shown in Appendix II* 
7. The analog readi ly lends i t se l f to the study of c a u s e - a n d -
effect re la t ionsh ips be tween va r ious b l o c k s . A s an i l lus t ra t ion, the 
investment in p r o d u c e r s ' durable equipment was s e l e c t e d as a dependent 
var iab le and f ive b l o c k s ( d e s c r i b e d in detail in Chapter V) were v a r i e d . 
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C H A P T E R IV 
A DISCUSSION OF THE E M P I R I C A L RELATIONSHIPS 
USED AND THE RESULTS OBTAINED IN THE 
E L E C T R O N I C A N A L O G ( E X P E R I M E N T 1) 
G r o s s National P r o d u c t . - -The b a s i c cu rve used to approx imate the 
g r o s s national p roduc t (GNP) is exponent ia l , as it i s wel l r e c o g n i z e d 
that the rate of growth of the GNP is p ropor t iona l to its s i z e . Table 
25 shows the data used in fitting the leas t squares cu rve fo r the GNP 
using a l o g a r i t h m i c t rans format ion . This curve was plot ted in F igu re 
6 in o r d e r that coord ina tes could be obtained fo r setting the function 
genera tor of the analog c o m p u t e r . Table 26 c o m p a r e s the es t imated 
least squa re s cu rve with the actual . The f o r m e r cu rve was not c o n s i ­
de red to be accura te enough when fo recas t ing the y e a r s 1950 to 1954 
and genera l ly c o m p a r i n g the theore t i ca l resul ts with the actual r e su l t s . 
The main r ea son for the above c o n c l u s i o n was the fact that the effect 
of the c y c l i c a l var ia t ion was not c o n s i d e r e d . 
The s imple exponential curve ment ioned above was there fore 
d i sca rded as a m e a n s of fo recas t ing the GNP. It was then d e c i d e d to 
analyze the data f r o m 1913 - 1949 ( i . e . an ex tens ion into the past 20 
y e a r s ) with the ob jec t ive of obtaining a bet ter fo recas t ing c u r v e . 
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Table 25. Calculat ion of Least Squares Exponential Curve 
of GNP (1933 - 1949) Using a Loga r i t hmic Trans fo rmat ion 
Y e a r Log G N P * t t c t Log GNP 
1933 1.74819 -8 64 -13 .9856 
1934 1. 81291 -7 49 - 1 2 . 6 9 0 4 
1935 1.86034 -6 36 -11 .1620 
1936 1.91751 -5 25 - 9 . 5 8 7 5 
1937 1.95809 -4 16 - 8 . 1 2 3 6 
1938 1. 93044 -3 9 - 5 . 7 9 1 3 
1939 1.95952 -2 4 - 3 . 9 1 8 8 
1940 2 .00260 -1 1 - 2 . 0 0 2 6 
1941 2. 09968 0 0 0 
1942 2 .20167 1 1 2 .2017 
1943 2 .28443 2 4 4 .5697 
1944 2. 32510 3 9 6 .9753 
1945 2 .32960 4 16 9. 3184 
1946 2 .32056 5 25 11 .6028 
1947 2 .36586 6 36 14 .1952 
1948 2 .41044 7 49 16 .8731 
1949 2 .41044 8 64 19° 2835 
Tota ls 35 .93738 0 408 17. 7579 
*Refe r to Table 3 through Table 24 fo r do l la r values of GNP. 
Log GNP = 1.76596 + . 04352 t, t - 0 in 1933 
GNP = 58. 34 (1. 1055)* 
Figure 6 . Fitting Exponential Curve to GNP ( 1 9 3 3 - 1 9 ^ 9 ) . 
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Table 26„ C o m p a r i s o n of Es t imated Exponent ia l Leas t 
Squares Data with Actual Data of GNP (1933 - 1949) 
Using a Loga r i thmic Trans fo rma t ion 
Y e a r Actual Log Es t imated 
Log GNP Di f fe rence Log GNP 
1933 1.74819 0 .01777 1.76596 
1934 1.81291 - 0 . 0 0 3 4 3 1.80948 
1 9 3 5 1.86034 - 0 . 0 0 7 3 4 1 . 8 5 3 0 0 
1936 1.91751 - 0 . 0 2 0 9 9 1 . 8 9 6 5 2 
1937 1.95809 - 0 . 0 1 8 0 5 1.94004 
1938 1. 93044 0 .05312 1.98356 
1939 1.95952 0 .06756 2. 02708 
1940 2 ,00260 0 .06800 2. 07060 
1941 2 .09968 0 .01444 2 .11412 
1942 2 .20167 - 0 . 0 4 4 0 3 2. 15764 
1943 2. 28443 - 0 . 0 8 3 2 7 2 .20116 
1944 2 .32510 - 0 . 0 8 0 4 2 2 .24468 
1945 2 ,32960 - 0 . 0 4 1 4 0 2 .28820 
1946 2 ,32056 0 ,01116 2 .33172 
1947 2. 36586 0 .00938 2 .37524 
1948. 2. 41044 0 .00832 2 .41876 
1949 2 .41044 0 .051044 2 .46228 
1950* 2 .45483 0. 05097 2. 50580 
1951* 2 .51592 0 .03341 2 .54932 
1952* 2 .53780 0 .05504 2 .59284 
1953* 2 .56108 0 .07528 2 .63636 
1954* 2 ,55627 0 .12361 2 .67988 
*These yea r s were f o r e c a s t using the 1933 - 1949 data. 
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Table 27 shows the data used in the leas t squares approximat ion f o r the 
pe r iod 1913 - 1949. Table 28 shows the d i f fe rence between the actual 
GNP and es t imated GNP fo r the p e r i o d 1 9 1 3 - 1949. It i s further o b ­
s e r v e d that this d i f fe rence i s c y c l i c k l in nature: the actual GNP was 
grea te r than the es t imated GNP fo r 14 consecu t ive yea r s (denoted by a 
minus d i f fe rence) and the actual GNP was l e s s than the es t imated GNP 
for 13 consecu t ive yea r s (denoted by a plus d i f f e r ence ) . An a p p r o x i m a ­
tion to this c y c l i c a l f luctuation componen t of the GNP wi l l be 0. 15 
sin with "t" in y e a r s and t - 0 at 1916. The value of 0. 15 was 
ob ta ined by averaging the d i f f e r e n c e s . The curve as plot ted f r o m the 
data shown in Table 28 appea r s in F igu re 7. This cu rve i s c o n s i d e r e d 
to be adequate f o r fo r ecas t i ng s ince it i s m u c h c l o s e r to the actual r e ­
sults than the pure exponent ia l c u r v e . Table 29 shows the c o m p a r i s o n 
of resul ts obtained by the two c u r v e s with the actual data. 
Spending and I n c o m e I t ems . - - T h e spending and i n c o m e i t ems which 
were c o n s i d e r e d in the analog a re l i s t ed b e l o w . The quantitative r e l a ­
t ionships de te rmined fo r each i t e m w e r e as a pe rcen tage re la t ive to the 
GNP. The actual value of the i t ems as a pe rcen tage of the GNP, the 
trend, and the f o r e c a s t e d p e r c e n t a g e s a re shown in F igu re 8 through 
F igu re 42 fo r al l i t e m s c o n s i d e r e d in the m o d e l . These re la t ionships 
were de t e rmined by va r ious me thods employ ing both quantitative and 
qualitative r eason ing . Each i t e m i s d i s c u s s e d b e l o w in the s a m e o r d e r 
as the c o r r e s p o n d i n g f igures appear . 
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Table 2 7. Calcula t ion of Leas t Squares Exponential 
Curve of GNP (1913 - 1949) Using 
a Loga r i t hmic Trans fo rmat ion 
Y e a r Log GNP * t t 2 t Log GNP 
1913 1.6232 -18 324 -29 .2176 
1914 1. 6128 -17 289 =27.4176 
1915 1. 6415 -16 256 - 2 6 . 2 6 4 0 
1916 1. 7067 -15 225 - 2 5 . 6 0 0 5 
1917 1. 780.3 -14 196 - 2 4 . 9 2 4 2 
1918 1.8519 -13 169 - 2 4 . 0 7 4 7 
1919 1. 8893 -12 144 - 2 2 . 6 7 1 6 
1920 1.9400 -11 121 - 2 1 . 3 4 0 0 
1921 1.8727 -10 100 - 1 8 . 7 2 7 0 
1922 1.8893 - 9 81 -17 . 0037 
1923 1.9415 - 8 64 - 1 5 . 5 3 2 0 
1924 1.9576 - 7 49 - 1 3 . 7 0 3 2 
1925 1. 9841 - 6 36 - 1 1 . 9 0 4 6 
1926 2 .0033 - 5 25 - 1 0 . 0 1 6 5 
1927 2 .0120 - 4 16 - 8. 0480 
1928 2. 0198 - 3 9 - 6 .0594 
1929 2 .0187 - 2 4 - 4. 0374 
1930 1.9595 - 1 1 - 1.9595 
1931 1.8825 0 0 0 
1932 1. 7672 1 1 1.7672 
1933 1.7482 2 4 3. 4964 
1934 1.8129 3 9 5. 4387 
1935 1.8603 4 16 7 .4412 
1936 1. 9175 5 25 9. 5875 
1937 1.9581 6 36 11. 7486 
1938 1. 9304 7 49 13 .5128 
1939 1. 9595 8 64 15 .6760 
1940 2. 0026 9 81 18 .0234 
1941 2. 0997 10 100 20 .9970 
1942 2. 2017 11 121 2 4 . 2 1 8 7 
1943 2 .2844 12 144 2 7 . 4 1 2 8 
1944 2 .3251 13 169 30 .2263 
1945 2 .3296 14 196 3 2 . 6 1 4 4 
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Table 27. (Continued) 























4 3 . 3 8 7 2 
87. 6906 
* R e f e r to Table 3 through. Table 24 for do l l a r values of GNP. 
Log GNP = 1.98109 i~ . 02078 t, t = 0 in 1931 
GNP = 95. 73 (1. 0 4 9 0 ) t 
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Table 28. C o m p a r i s o n of Es t imated Exponent ia l Leas t Squares 
Data, Actual Data, and Es t imated Exponent ia l P lus C y c l i c a l 
Component (1913 - 1949) Using a L o g a r i t h m i c Trans fo rma t ion 
Actual Log Es t imated Component Estimated Log 
Y e a r L o g GNP Di f fe rence L o g GNP Sine GNP Plus Sine 
Component 
1913 1. 6232 -0 . 0163 1. 6069 (Values omit ted were 
1914 1. 6128 0. 0149 1. 6277 of little in teres t ) 
1915 1. 6415 0, , 0070 1. 6485 
1916 1. 7067 -0 . 0375 1. 6692 0 1. 6692 
1917 1. 7803 -0 . 1097 1. 6900 0. 0358 1. 7258 
1918 1. 8519 - 0 . 1 4 1 1 1. 7108 0. 0697 1. 7805 
1919 1. 8893 - 0 . 1577 1. 7316 0. 0994 1. 8310 
1920 1. 9400 - 0 . 1876 1. 7524 0. 1235 1. 8759 
1921 1. 8727 - 0 . 0995 1. 7732 0. 1402 1. 9134 
1922 1. 8893 - 0 . 0953 1. 7940 0. 1489 1. 9429 
1923 1. 9415 - 0 . 1267 1. 8148 0. 1489 1 . 9637 
1924 1. 9576 - 0 . 1220 1. 8356 0. 1402 1. 9758 
1925 1. 9841 - 0 . 1271 1. 8564 0. 1235 1. 9799 
1926 2. 0033 - 0 . 1262 1. 8771 0. 0994 1. 9765 
1927 2. 0120 - 0 . 1011 1. 8979 0. 0697 1. 9676 
1928 2. 0198 - 0 . 1011 1. 9187 0. 0358 1. 9545 
1929 2. 0187 - 0 . 0792 1. 9395 0 1. 9395 
1930 1. 9595 0 .0008 1. 9603 0. 0358 1. 9245 
1931 1. 8825 0 .0986 1. 9811 0. 0697 1. 9114 
1932 1. 7672 0. 2347 2. 0019 0. 0994 1. 9025 
1933 1. 7482 0. 2745 2. 0227 0 .1235 1. 8992 
1934 1. 8129 0. 2306 2. 0435 0. 1402 1. 9033 
1935 1. 8603 0. 2040 2. 0643 0. 1489 1. 9154 
1936 1. 9175 0. 1675 2. 0850 0. 1489 1. 9361 
1937 1. 9581 0. 1477 2. 1058 0. 1402 1. 9652 
1938 1. 9304 0. 1962 2. 1266 0. 1235 2. 0031 
1939 1. 9595 0. 1879 2. 1474 0. 0994 2. 0480 
1940 2. 0026 0. 1656 2. 1682 0. 0697 2. 0985 
1941 2. 0997 0. 0892 2. 1889 0. 6358 2. 1531 
1942 2. 2017 0. 0081 2. 2097 0 2. 2098 
1943 2. 2844 - 0 . 0538 2. 2306 0. 0358 2. 2664 
Table 28. (Continued) 
Actual Log Es t imated Componen t Estimated Log 
Y e a r L o g GNP Dif fe rence Log GNP Sine GNP Plus Sine 
Component 
1944 2. 3251 - 0 . 0 7 3 7 2. 2514 0 .0697 2 .3211 
1945 2. 3296 - 0 . 0 5 7 4 2. 2722 0. 0994 2 .3716 
1946 2. 3206 - 0 . 0 2 7 7 2. 2929 0 .1235 2, 4164 
1947 2. 3659 - 0 . 0 5 2 2 2. 3137 0 .1402 2. 4539 
1948 2. 4104 - 0 . 0 7 5 9 2. 3345 0 .1489 2. 4834 
1949 2. 4104 -0 .0551 2, 3553 0 .1489 2. 5042 
Log GNP = 1. 98109 + • 020781 + 0 .15 sin ( -^-) t, t - 0 in 
1931 
GNP = 95. 73 (1, 0 4 9 0 ) t (1 . 4 1 2 5 ) s i n ^ 13") * 
Figure 7. Fitting a Combined Exponential and Sinusoidal Curve to GNP (1916-I9A9) 
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Table 29- C o m p a r i s o n of the Exponent ial Data and the 
Combined Exponent ia l with a C y c l i c a l Component 
to the Actual GNP (1916 - 1949) 
Es t imated Actual Es t imated 
Y e a r Exponent ial GNP* Exponential P lus 
GNP* C y c l i c a l Component* 
1916 46. 7 50. 9 50. 6 
1917 48. 9 60. 3 57. 4 
1918 51. 4 71. 1 65. 0 
1919 53. 9 77. 5 72. 8 
1920 56. 5 87. 1 80. 5 
1921 59. 3 74. 6 87. 5 
1922 62. 2 77. 5 93. 4 
1923 65. 3 87. 4 97. 7 
1924 68. 5 90. 7 100. 0 
1925 71. 8 96. 4 100. 1 
1926 75. 3 100. 8 99. 3 
1927 79. 1 102. 9 99. 3 
1928 83. 0 104. 7 94. 3 
1929 87. 0 104. 4 90. 9 
1930 91. 3 91. 1 87. 5 
1931 95. 8 76. 3 84. 7 
1932 100. 4 58. 5 82. 7 
1933 105. 4 56. 0 81. 9 
1934 110. 5 65. 0 82. 4 
1935 116. 0 77. 5 84. 5 
1936 121. 6 82. 7 88. 4 
1937 127. 6 90. 8 94. 3 
1938 133. 9 85. 2 102. 6 
1939 140. 4 91. 1 113. 4 
1940 147. 3 100. 6 127. 1 
1941 154. 5 125. 8 143. 7 
1942 162. 1 159. 1 163. 2 
1943 170. 1 192. 5 185. 5 
1944 178. 4 2 1 1 . 4 209. 8 
1945 187. 2 213. 6 235. 0 
1946 196. 3 209. 2 259. 8 
1947 205. 9 232. 2 282. 4 
1948 216. 0 257. 3 3Q1. 5 
1949 226. 6 257. 3 315. 4 
*A11 values a re in b i l l ions of d o l l a r s . 
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ACTUAL PERCENTAGE FORECAST PERCENTAGE (1949-1954) FORECAST PERCENTAGE (1954-1961) 
_L_I L_l I I I I I L J I I I 
ACTUAL PERCENTAGE FORECAST PERCENTAGE (1949-1954) — FORECAST PERCENTAGE (1954-1961) 
1933 1937 1941 1945 1949 1953 1957 1961 
Figure 8. Percentage of Capital 
Consumption Allowances 
to GNP. 
Figure 9- Percentages of Net 
National Product to 
GNP. 
ACTUAL PERCENTAGE — FORECAST PERCENTAGE (1949-1954) •— FORECAST PERCENTAGE (1954-1961) 
' I ' I I I I 
ACTUAL PERCENTAGE FORECAST PERCENTAGE (1949-1954) FORECAST PERCENTAGE (1954-1961) 
I I I I I I I I I I I I I I I I I I I I 1933 1937 1941 1945 V C A „ 1949 1953 1957 1961 1933 1937 1941 1945 1949 1953 1957 1961 
Figure 10. Percentage of Indi­
rect Tax and Non-Tax 
Liability to GNP. 
Figure 11 . Percentage of Nat­
ional Income to GNP, 
6h 
Figure 12. Percentage of Business Figure 13. Percentage of Corp-
Transfer Payments to orate Profits Tax 
GNP. Liability to GNP. 
Figure ik. Percentage of Contri­
butions for Social In­
surance to GNP. 
Figure 15. Percentage of Per­
sonal Income to GNP. 
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Figure l6. Percentage of Undis- Figure 17. Percentage of Net 
tributed Corporate Interest Paid by 
Profits to GNP. Government to GNP. 
Figure 18. Percentage of Govern- Figure 19. Percentage of Federal 




FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
I I I I I I I I I I I I I 
1933 1937 1941 1945 „ - . _ , 1949 1953 1957 1961 
Figure 20 . Percentage of State 
and Local. Taxes to 
GNP. 
Figure 2 1 . Percentage of Personal 
Tax and Non-Tax Pay­
ments to GNP. 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
— FORECAST PERCENTAGE (1954-1961) 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
1933 1937 1941 1953 1957 
Figure 22 Percentage of Dis­
posable Personal 
Income to GNP. 
Figure 23 . Percentage of Personal 
Savings to GNP. 
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ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
— ACTUAL PERCENTAGE 
— FORECAST PERCENTAGE (1949-1954) 
— FORECAST PERCENTAGE (1954-1961) 
I I I I I I I I I I I I I I I I I I I I I ' 
Figure 2k. Percentage of Durable 
Goods to GUP. 
Figure 25 . Percentage of Non-
Durable Goods to GNP. 
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Figure 28 . Percentage of Other Figure 29. Percentage of State 
Federal Expenditures and Local Expenditures 
to GNP. to GNP. 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961] 
I I I I I I I L_L-J—L_I_J I I I I I I I I I I I I I I 
1937 1941 1945 1949 1953 1957 1961 
YEARS 
Figure 30. Percentage of Federal 
Expenditures to GNP. 
Figure 31. Percentage of Govern­
ment Purchases of 




FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
1933 W3T 
Figure 32, Percentage of Personal 
Consumption Expendi­
tures to GNP. 
Figure 33• Percentage of Gross 
Private Domestic 
Investment to GNP. 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE ('.949-1954) 
FORECAST PERCENTAGE (1954-1961) 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
Figure 3 -̂. Percentage of New Figure 35. Percentage of Resi-
Construction to GNP. dential Non-Farm 
Constructions to GNP. 
TO 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
ACTUAL PERCENTAGE 
— FORECAST PERCENTAGE (1949-1954) 
•— FORECAST PERCENTAGE (1954-1961) 
1945 1949 
YEARS 
Figure 36. Percentage of all 
Other Construction 
to GNP. 
Figure 37- Percentage of Pro­
ducers Durable Equip­
ment to GNP, 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
I I I I I I 
ACTUAL PERCENTAGE 
NOTE: REFER TO FIGURE 38 FOR COMBINED 
FORECAST CURVES OF FIGURE 39 AND 
FIGURE 40. 
, 1 1 1 1 1 1 1 1 1 I I I I I I I I I 1 I I I I 1 
Figure 38. Percentage of Change 
in Business Inven­
tories to GNP. 
Figure 39. Percentage of Change 




NOTE: REFER TO FIGURE 38 FOR COMBINED 
FORECAST CURVES OF FIGURE 39 AND 
FIGURE 40. 
I I I I I I I I I I I I I I I I I 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
Figure k O . Percentage of Change 
in Non-Farm Inven­
tories to GNP. 
Figure ^ 1 . Percentage of Excess 
of Business Earnings 
to GNP. 
ACTUAL PERCENTAGE 
FORECAST PERCENTAGE (1949-1954) 
FORECAST PERCENTAGE (1954-1961) 
1945 1949 
YEARS 
Figure h-2. Percentage of Excess 
of Government Receipts 
to GNP. 
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(1) . Capital consumpt ion a l l owances (F igure 8) . This pe rcen tage 
was high and d e c r e a s i n g in the thir t ies due to the fact that the GNP was 
much l o w e r than be fo re the d e p r e s s i o n and that a l loca t ions of m o n e y 
were st i l l being writ ten off by b u s i n e s s . This pe rcen tage reached its 
l owes t ebb during the war y e a r s of the ea r ly f o r t i e s . The GNP had 
great ly i n c r e a s e d then, and the inves tment in non -mi l i t a ry cons t ruc t ion 
and equipment was at a m i n i m u m . 
T<he late 1940 's r evea led that industry had begun the ant icipated 
p o s t - w a r expans ion . L a r g e quantities of cons t ruc t ion and equipment 
were built and the capital consumpt ion a l lowance should begin to in ­
c r e a s e . A p p r o x i m a t i o n f o r this pe rcen tage change during the next five 
y e a r s will be a straight line with a s lope of p lus one p e r c e n t . (It is 
obvious that this approx imat ion mus t be changed f r o m t ime to t i m e . ) 
(2). Net national p roduc t (Figure 9)° Since this curve i s the 
i nve r se of F i g u r e 8, it wil l have a s l o p e of minus one p e r c e n t fo r a 
p e r i o d of f ive y e a r s . 
Al l i t ems depending upon o r re la ted to capi tal consumpt ion 
a l lowances o r the net national p roduc t wil l have p e r c e n t a g e s varying 
in the s ame manner . An analys is of the c u r v e s re la ted to capital c o n ­
sumption a l lowances and net national p roduc t i l lus t ra tes the fac t that 
the remaining i t ems are fo l lowing this l inear re la t ionship . 
(3). Indi rec t tax and non- tax l iabi l i ty (Figure 10). This cu rve 
has had a re la t ive ly s m a l l f luctuation o v e r the past y e a r s and wil l be 
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approximated by a constant pe r cen t age . It i s a reasonable assumpt ion 
that if no changes are made in exist ing tax laws this pe rcen tage should 
remain approx imate ly constant. 
(4) . National i n c o m e (Figure 11). This pe rcen tage v/ill v a ry as 
the net national p roduc t d e s c r i b e d a b o v e . 
(5) . Bus iness t ransfer payments (Figure 12). By vir tue of the 
smal l fluctuations in bus iness t ransfer payments a constant pe rcen tage 
wi l l be used. 
(6). C o r p o r a t e p rof i t s tax l iabi l i ty (Figure 13). This pe rcen tage 
will va ry as the g r o s s pr ivate d o m e s t i c inves tment s ince the country 
will be b e c o m i n g m o r e of " b i g - b u s i n e s s 1 1 nation. 
(7). Contr ibut ions for s o c i a l insurance (F igure 14). This p e r ­
centage has been a l m o s t constant fo r the past 12 y e a r s and will be 
approx imated by a constant . 
(8). P e r s o n a l i n c o m e (Figure 15). This pe rcen tage wil l v a r y 
as the net national p roduc t d e s c r i b e d above . 
(9). Undistr ibuted c o r p o r a t e prof i t s (F igure 16). Th i s p e r ­
centage wil l v a ry as the net national p roduc t d e s c r i b e d a b o v e . 
(10). Net in te res t paid by gove rnmen t (F igure 17). This p e r ­
centage wil l be a constant . 
(11). G o v e r n m e n t t r ans fe r payments (F igure 18). This p e r ­
centage wil l be a constant . 
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(12). F e d e r a l taxes (Figure 19). This pe rcen tage wil l v a ry as 
the net national p roduc t . 
(13). State and l o c a l taxes (Figure 20) . This pe rcen tage will 
v a r y as the net national p roduc t . 
(14). P e r s o n a l tax and non- tax payments (F igure 21) . This 
pe rcen tage will v a ry as the net national p roduc t . 
(15). D i sposab l e pe r sona l i n c o m e (Figure 22) . This pe rcen tage 
will be approx ima ted as a constant. 
(16). P e r s o n a l savings (Figure 23) . This pe rcen tage wil l be 
approx imated as a constant . 
(17). Durable goods (Figure 24) . This pe rcen tage wil l be 
approx imated as a constant . 
(18). Non-durab le goods (Figure 25) . This pe rcen tage wi l l be 
approx ima ted as a constant . 
(19). S e r v i c e s (Figure 26) . This pe rcen tage wil l be a p p r o x i ­
mated as a constant . 
(20). Gove rnmen t inst i tut ions. No data were ava i lab le . This 
i t e m was es t ima ted at for ty pe rcen t of p e r s o n a l sav ings . 
(21). P r iva t e inst i tut ions. No data we re ava i lab le . This i t em 
was es t imated at s ixty p e r c e n t of p e r s o n a l sav ings . 
(22). National s ecu r i ty (F igure 27) . This pe rcen tage wil l be 
approx imated by a d e c r e a s i n g va r i ab l e . 
(23). Other (F igure 28) . This i t e m r e f e r s to f ede ra l 
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expenditures other than national secur i ty . This pe rcen tage wil l be 
approximated by a dec reas ing va r i ab le . 
(24). State and l o c a l expendi tures (F igure 29) . This pe rcen tage 
wil l be approximated by a d e c r e a s i n g va r i ab l e . 
(25) . F e d e r a l expendi tures (Figure 30) . This pe rcen tage will 
be approx imated by a d e c r e a s i n g va r i ab l e . 
(26). Gove rnmen t p u r c h a s e s of goods and s e r v i c e s (F igure 31) . 
This pe rcen tage wil l be approximated by a dec rea s ing va r i ab l e . 
(27). P e r s o n a l consumpt ion expendi tures (Figure 32) . Since 
the i tems affecting these expendi tures are a constant pe r cen t age , this 
i t em a l so must be constant . 
(28). G r o s s pr iva te d o m e s t i c inves tment (F igure 33) . This 
percen tage wil l be approx ima ted by an inc reas ing va r i ab l e . 
(29). New cons t ruc t ion (F igure 34) . This pe rcen tage wil l be 
app rox ima ted by an i n c r e a s i n g va r i ab l e . 
(30). Res ident ia l n o n - f a r m (Figure 35) . This pe rcen tage wil l 
be approx imated by an i nc rea s ing va r i ab l e . 
(31) . Other (Figure 36) . This pe rcen tage wil l be approx imated 
by an i nc r ea s ing va r i ab l e . 
(32). P r o d u c e r s ' durable equipment (F igure 37) . This p e r ­
centage wil l be approx ima ted by an i nc rea s ing va r i ab l e . 
(33). Change in bus iness inven tor ies (F igure 38) . This p e r ­
centage will be approx ima ted by an inc reas ing v a r i a b l e . 
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(34). F a r m (Figure 39) . This pe rcen tage wil l be approx imated 
by an inc reas ing va r i ab l e . 
(35). N o n - f a r m (Figure 40) . This pe rcen tage will be a p p r o x i -
mated by an inc reas ing var iab le . 
F a r m and n o n - f a r m have c o m p l e x re la t ionships with other i t ems 
and will be e l iminated f r o m the m o d e l as they a re re la t ive ly ins igni f i -
cant. H o w e v e r , the change in bus iness inven tor ies will be c o n s i d e r e d 
as a constant ra t io . This i t em is the sum of the f a r m and n o n - f a r m 
i t e m s . An approx imat ion to the total of two i t e m s i s much e a s i e r than 
the approximat ion of each i t e m . 
(36) . Bus iness inves tment in government (F igure 41) . This 
pe rcen tage wil l be z e r o during t imes of expans ion s ince pr iva te bus iness 
is in teres ted in inves tment of all its funds plus the inves tment of as much 
funds as it can b o r r o w . F o r p u r p o s e s of fo recas t ing as used in this 
analog, this pe rcen tage will be z e r o . 
(37). Governmen t inves tment in b u s i n e s s (F igure 42 ) . The 
government wil l have an e x c e s s of r e c e i p t s during t i m e s when there i s 
a reduct ion in the expendi tures for goods and s e r v i c e s . F o r shor t 
t e r m p u r p o s e s , this i t em wil l be c o n s i d e r e d to be a .constant. 
Some of the above i t e m s a re expla ined in g rea t e r detail than 
others s ince many of the lat ter i t e m s a re but c o m p o n e n t s of the f o r m e r 
i t ems as shown in the ident i t ies f o r the m o d e l in Table 2. 
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A D i s c u s s i o n of the Resul ts of Pe rcen t age F o r e c a s t i n g of the Spending 
and Income Items (Exper iment 1). - - T h e es t imated pe r cen t ages of 
spending and i n c o m e i t ems to GNP (see F igure 8 through F igure 42) f o r 
1950 we re c l o s e to the actual . Severa l of these cu rves were good e s t i ­
ma tes fo r the entire f ive yea r p e r i o d . H o w e v e r , due to the Korean War 
many of the actual pe rcen t ages re f lec ted quite s im i l a r changes to those 
appearing during W o r l d War II, although not as d ras t i c changes . 
It i s eas i ly seen f r o m an analys is of the cu rves that the ba s i c 
reasoning behind an approach of using p e r c e n t a g e s of GNP i s sound. 
The new va lues fo r the s y s t e m p a r a m e t e r s a re given in Appendix I, 
Pa r t III. It i s anticipated that Expe r imen t 2 will p r o d u c e m o r e accura te 
f o r e c a s t s fo r i n c o m e and spending i t e m s . 
It i s in teres t ing to note that, as a resul t of the K o r e a n War , 
the g r o s s pr iva te d o m e s t i c inves tment (F igure 33) r o s e rather than 
f e l l . This i s in cont ras t to W o r l d War II. New cons t ruc t ion (Figure 
34) and e x c e s s of bus iness inves tment (F igure 41) both a l s o i n c r e a s e d . 
A reasonab le answer to these events is that a sma l l war can st imulate 
expansion and good bus ine s s in genera l , while an "a l l -ou t " war will 
definitely tend to stifle bus iness expansion and con t rac t ion . 
Analog Compute r Ana lys i s (Exper iment 1). - -The c u r v e s obtained f r o m 
the pure exponential es t imate of the GNP are shown in F i g u r e 43 through 
F igu re 49- These c u r v e s w e r e not as accura te as ant icipated. T h e r e ­
f o r e , the fo rc ing function of the GNP was changed to include a c y c l i c a l 
78 
Figure k$. Gross National Pro­
duct, Series A2. 
Figure k6. Government Purchases 
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Figure 1 + 9 . Personal Consumption 
Expenditures, Series 
A. 
Figure 50. Gross National Pro­
duct, Series Bl. 
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component . (The b reaks in the curve are c o m m o n to function genera tor 
cu rves s ince the curve is c o m p o s e d of many straight l ine s egmen t s . ) 
The last s e r i e s of exper iments fo r Expe r imen t 1 were conducted 
with the GNP containing this c y c l i c a l componen t . By compar ing the 
actual spending and i n c o m e values with the es t imated spending and in ­
c o m e values for va r ious i t ems (Figure 50 through F igu re 56) , it was 
de te rmined that this method of fo recas t ing was reasonab ly r e l i ab l e . 
While pe r fo rming Expe r imen t 1 on the c o m p u t e r , s e v e r a l changes we re 
made in the e l e c t r o n i c analog compute r d i a g r a m of F igure 4. A l s o a 
loading effect on the po ten t iomete r s was o b s e r v e d when compar ing 
va r ious r ead ings . This loading affected only those c u r v e s in F igu re 
43 through F igu re 49 which were r e c o r d e d d i r ec t ly f r o m the output of 
the po ten t iomete r . The loading effect caused an e r r o r of app rox ima te ly 
five p e r c e n t . Th i s loading effect was c o r r e c t e d in all la ter e x p e r i m e n t s 
by the method i l lus t ra ted in F igu re 57. 
It i s b e l i e v e d that this method of fo recas t ing i s b a s i c a l l y sound 
and can be used with reasonable s u c c e s s . 
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Figure 53. Government Purchases 
of Goods and Services, 
Series B. 
Figure . Gross Private Domestic 
Investment , Series B. 
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TO AVOID LOADING WHEN RECORDING FROM THE OUTPUT OF POTENTIOMETERS, 
THE FOLLOWING CIRCUITRY WAS ADDED AT READ-OUT POINTS TO FIGURE 4. 
g ^ q RECORD 
S^ - SWITCH 
S - POTENTIOMETER 
R A - AMPLIFIER INPUT RESISTANCE 
R c - COMPENSATING RESISTOR 
R R - RECORDER INPUT RESISTANCE 
R R = R C - R A 
Figure 57- Potentiometer Loading Effect. 
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C H A P T E R V 
A DISCUSSION OF THE E M P I R I C A L RELATIONSHIPS 
USED AND OF THE RESULTS OBTAINED IN THE 
E L E C T R O N I C A N A L O G ( E X P E R I M E N T 2) 
G r o s s National P r o d u c t . - -In E x p e r i m e n t 1 the exponential cu rve with 
the c y c l i c a l component p r o v e d to p roduce a c l o s e r "fit" to the actual 
curve than did the exponential curve a lone . In E x p e r i m e n t 2 the g r o s s 
national p roduc t (GNP) was a l s o approx ima ted by an exponential curve 
with a c y c l i c a l componen t . Table 30 shows the data used in obtaining 
the leas t squares curve fo r the GNP using a l o g a r i t h m i c t r ans fo rmat ion 
for the p e r i o d 1914 - 1954. This table a l so c o m p a r e s the actual data 
with the es t imated leas t squa res c u r v e . Table 31 shows the sine wave 
component to be added to the leas t squa res es t imate f o r the p e r i o d 
1916 - 1954. The new GNP curve i s shown in F i g u r e 58 with the plus 
and minus two s igma l imi t s computed f r o m the l o g a r i t h m i c t r ans ­
fo rmat ion (see Table 32) . Note that f r o m 1916 to 1961 there are two 
points outside of the l i m i t s . This i s the expec t ed number which will 
fall outside the l imi t s s ince we expec t f ive p e r c e n t of the points to be 
outside the l i m i t s . 
Spending and I n c o m e I t ems . - - T h e assumpt ions used in de te rmin ing the 
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Table 30. Calculat ion of Leas t Squares Exponent ia l Curve 
of GNP (1914 - 1954) Using a L o g a r i t h m i c Trans fo rmat ion 
Y e a r Log GNP* t t L t Log GNP 
1914 1. 6128 -20 400 -32 .2560 
1915 1. 6415 -19 361 -31 .1885 
1916 1. 7067 -18 324 =30.7206 
1917 1. 7803 -17 289 - 3 0 . 2 6 5 1 
1918 1. 8519 -16 256 - 2 9 . 6 3 0 4 
1919 1. 8893 -15 225 - 2 8 . 3 3 9 5 
1920 1.9400 -14 196 -27 . 1600 
1921 1.8727 -13 169 - 2 4 . 3 4 5 1 
1922 1. 8893 -12 144 - 2 2 . 6 7 1 6 
1923 1. 9415 -11 121 - 2 1 . 3 5 6 5 
1924 1.9576 -10 100 - 1 9 . 5 7 6 0 
1925 1. 9841 - 9 81 -17 . 8569 
1926 2 ,0033 - 8 64 - 1 6 . 0 2 6 4 
1927 2. 0120 - 7 49 - 1 4 . 0 8 4 0 
1928 2 .0198 - 6 36 - 1 2 . 1 1 8 8 
1929 2 .0187 - 5 25 - 1 0 . 0 9 3 5 
1930 1. 9595 - 4 16 - 7. 8380 
1931 1.8825 - 3 9 - 5 .6475 
1932 1. 7672 - 2 4 - 3 . 5344 
1933 1. 7482 - 1 1 - 1.7482 
1934 1.8129 0 0 0 
1935 1.8603 1 1 1.8603 
1936 1. 9175 2 4 3 .8350 
1937 1.9581 3 9 5 .8743 
1938 1. 9304 4 16 7 .7216 
1939 1. 9595 5 25 9. 7975 
1940 2. 0026 6 36 12 .0156 
1941 2 .0997 7 49 14 .6979 
1942 2 .2017 8 64 17 .6136 
1943 2. 2844 9 81 20 .5596 
1944 2. 3251 10 100 23 .2510 
1945 2 .3296 11 121 25 .6256 
1946 2 .3206 12 144 2 7 . 8 4 7 2 
1947 2 .3659 13 169 30 .7567 
1948 2 . 4 1 0 4 14 196 33 .7456 
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Table 30. (Continued) 
Y e a r Log GNP* t t2 t L o g GNP 
1949 2. 4104 15 225 36 .1560 
1950 2. 4548 16 256 39 .2768 
1951 2. 5159 17 289 42 .7703 
1952 2. 5378 18 324 45 .6804 
1953 2. 5611 19 361 4 8 . 6 6 0 9 
1954 2 .5563 20 400 51. 1260 
Totals 84 .3031 0 5740 112. 4149 
*Refer to Table 3 through Table 24 fo r do l la r values of GNP. 
Log GNP " 2 .05617 + . 01958t , t = = 0 in 1934 
GNP = 113. 81 (1 . 0461) 
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Table 31, C o m p a r i s o n of Es t imated Exponent ial Leas t Squares 
Data, Actual Data, and Es t imated Exponent ia l P lus C y c l i c a l 
Component (1916 - 1954) Using a Loga r i t hmic Trans fo rmat ion 
Actual Log Es t imated Sine Estimated L o g 
Y e a r L o g GNP Dif fe rence Log GNP Component GNP Plus Sine 
Component 
1916 1. 7067 -0, , 0029 1. 7038 0 1. 7038 
1917 1. 7803 -0 , , 0570 1. 7233 0. 0358 1. 7591 
1918 1. 8519 -0, , 1090 1. 7429 0. 0697 1. 8126 
1919 1. 8893 -0 . 1268 1. 7625 0. 0994 1. 8619 
1920 1. 9400 -D. 1579 1. 7821 0. 1235 1. 9056 
1921 1. 8727 -0 . 0710 1. 8017 0. 1402 1. 9419 
1922 1. 8892 -0 . 0681 l : 8212 0. 1489 1. 9701 
1923 1. 9415 -0 . 1007 1. 8408 0. 1489 1. 9897 
1924 1. 9476 ~0. 0972 1. 8604 0 .1402 2. 0006 
1925 1. 9841 - 0 . 1041 1. 8800 0. 1235 2. 0035 
1926 2. 0033 - 0 . 1037 l . 8996 0. 0994 1. 9990 
1927 2. 0120 - 0 . 0929 1. 9191 0. 0697 1. 9880 
1928 2, 0198 -0 , 0811 1. 9387 0. 0345 1. 9745 
1929 2. 0187 - 0 . 0604 1. 9583 0 1. 9583 
1930 1. 9595 0. 0184 1. 9779 - 0 . 0358 1. 9421 
1931 1. 8825 0. 0115 1. 9975 - 0 . 0697 1. 9278 
1932 1. 7672 0. 2498 2. 0170 - 0 . 0994 1. 9176 
1933 1. 7482 0. 2884 2. 0366 - 0 . 1235 1. 9131 
1934 1. 8129 0. 2433 2. 0562 - 0 . 1402 1. 9160 
1935 1. 8603 0. 2154 2. 0757 - 0 . 1489 1. 9268 
1936 1. 9175 0. 1778 2. 0953 - 0 . 1489 1. 9464 
1937 1. 9581 0. 1568 2. 1149 - 0 . 1402 1. 9747 
1938 1. 9304 0. 2041 2. 1345 - 0 . 1235 2. 0110 
1939 1. 9595 0. 1946 2. 1541 - 0 . 0994 2. 0547 
1940 2. 0026 0. 1711 2. 1737 - 0 . 0697 2. 1040 
1941 2. 0997 0. 0953 2. 1932 - 0 . 0358 2. 1574 
1942 2, 2017 0. 0111 2. 2128 0 2. 2128 
1943 2, 2844 - 0 . 0520 2. 2324 0. 0358 2, 2682 
1944 2. 3251 - 0 . 0731 2. 2520 0, 0697 2. 3217 
1945 2. 3296 - 0 . 0580 2. 2716 0. 0994 2. 3710 
1946 2. 3206 - 0 . 0295 2, 2911 0. 1235 2. 4146 
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Table 31, (Continued) 
Actual Log Es t imated Sine Estimated Log 
Y e a r Log GNP Dif ference L o g GNP Component GNP P lus Sine 
Component 
1947 2 .3659 - 0 . 0 5 5 2 2. 3107 0 .1402 2 .4509 
1948 2 .4104 - 0 . 0 8 0 1 2 .3303 0 .1489 2 .4792 
1949 2. 4104 - 0 . 0 6 0 5 2. 3499 0 .1489 2. 4988 
1950 2. 4548 0, 0853 2 .3695 0 .1402 2. 5097 
1951 2 .5159 - 0 . 1 2 6 9 2 .3890 0 .1235 2. 5125 
1952 2. 5378 - 0 . 1 2 9 2 2 .4086 0 .0994 2. 5080 
1953 2 .5611 - 0 . 1 3 2 9 2 .4282 0 .0697 2. 4979 
1954 2 .5563 - 0 . 1 0 8 5 2. 4478 0. 0358 2 .4830 
L o g GNP = 2 .05617 + . 01958t + 0. 15 sin ( ^ ) t , t - 0 in 
1934 
GNP = (113. 81) (1. 0461 ) 1 (1 . 4 1 2 5 ) s i n (jj- )t 
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Table 32. Ninety-f ive P e r c e n t Conf idence L imi t s for GNP 
Obtained f r o m Loga r i t hmic Trans fo rma t ion 
Y e a r - 2 Sigma* Log & Sine 4-2 Sigma* 
E stimate * 
1916 37. 02 50. . 56 69. 05 
1917 42. 04 57. 43 78. 45 
1918 47, 56 64. . 95 88. 72 
1919 53. 27 72. 76 99. 38 
1920 58. 91 80. 47 109. 90 
1921 64. 05 87. 48 119. 50 
1922 68. 35 93. 35 12 7. 50 
1923 71. 50 97. 66 133. 40 
1924 73. 33 100, 01 136. 80 
1925 73. 81 100. 10 138. 90 
1926 73. 05 99. 31 136. 30 
1927 71. 35 99. 28 133. 10 
1928 69- 04 94. 30 128. 80 
1929 66. 51 90. 85 124. 10 
1930 64. 08 87. 52 119. 50 
1931 62. 00 84. 68 115. 70 
1932 60. 56 82. 72 113. 00 
1933 59. 94 81. 87 111. 80 
1934 60. 34 82. 42 112. 60 
1935 61. 86 84. 49 115. 40 
1936 64. 72 88. 39 120. 70 
1937 69. 07 94. 34 128. 90 
1938 75. 10 102. 60 140. 10 
1939 83. 04 113. 40 154. 90 
1940 93. 03 127. 10 173. 60 
1941 105. 20 143. 70 196. 20 
1942 119. 50 163. 20 222. 90 
1943 135. 80 185. 50 253. 30 
1944 153. 60 209. 80 286. 50 
1945 172. 00 235. 00 320. 90 
1946 190. 20 259. 80 354. 90 
1947 206. 80 282. 40 385. 70 
1948 220. 70 301. 50 411 . 70 
1949 230. 90 315. 40 430. 70 
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Table 32. (Continued) 
Y e a r - 2 Sigma* Log & Sine -f 2 Sigma* 
Est imate * 
1950 236. 80 323. 40 441 . 70 
1951 238. 30 325. 50 444. 60 
1952 235, 80 322. 10 440. 00 
1953 230. 30 314. 70 429. 80 
1954 223. 00 304. 50 416. 00 
1955** 214. 80 293. 40 400. 70 
1956** 206. 90 282. 60 386. 00 
195 7** 200. 20 273. 40 373. 50 
1958** 195. 60 267. 10 364. 90 
1959** 193. 60 264. 40 361. 10 
I960** 194. 80 266. 10 363. 50 
1961** 199. 60 272. 90 372. 70 
*A11 values are in b i l l ions of d o l l a r s . 
**These y e a r s were f o r e c a s t using the 1916 = 1954 data. 
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pe rcen tage values of GNP in Expe r imen t 1 were sa t i s fac tory fo r the 
yea r s s ince 1946. Values for the spending and i n c o m e i tems p r i o r to 
1946 are in e r r o r because s o m e of the p e r c e n t a g e s have undergone 
m a j o r cha&ges in their relat ionship with GNP o v e r the past 40 y e a r s . 
Since it was only the immedia te future that was of c o n c e r n in this study, 
the pe rcen tages are r ecompu ted (see F i g u r e 8 through F igu re 42) and 
new values are de te rmined fo r the po ten t iomete r s (see Appendix I, 
Par t II and P a r t III). If such a m o d e l we re to be actually used as a 
method of fo recas t ing , these pe r cen t ages would be r e - c a l c u l a t e d at the 
end of each report ing p e r i o d in o r d e r to make as much use as p o s s i b l e 
of any cur ren t t rends . It i s of in teres t to note f r o m the f igures that 
s o m e of the pe rcen t ages are varying with t i m e . In the e l e c t r o n i c 
analog, an opera t iona l re lay was set to begin to opera te at t = 1954. 
This re lay initiated the re s o l v e r which p rov ided the varying p e r c e n t a g e . 
A D i s c u s s i o n of the Resu l t s of E x p e r i m e n t 2 . - - I t is i m p o s s i b l e to d e t e r -
mine the a c c u r a c y of the es t imates fo r the p e r i o d 1955 through 1961 
s ince none of the data i s avai lable f o r any of the f o r e c a s t y e a r s . It i s 
of in te res t to note f r o m Figure 58 that the f o r e c a s t l o w e s t point in our 
e c o n o m y wil l be 1959 and then a rapid i n c r e a s e wil l begin to o c c u r . 
The c u r v e s which were de te rmined f r o m this m o d e l of the e c o n o m y of 
the United States and plot ted by the analog compu te r are shown in F igu re 
59 through F igu re 65. These cu rves are the f o r e c a s t f i gu re s fo r the 
va r ious components of spending and income in the United States. 
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Figure 6l. Gross National Pro­
duct, Series C2. 
Figure 62. Government Purchases 
of Goods and Services, 
Series C. 
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Figure 65. Personal Consumptions 
Expenditures, Series C. 
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In this exper iment cer ta in cause -and-ef fec t re la t ionships were 
studied with r e fe rence to p r o d u c e r s ' durable equipment (PDE) . The 
i nc r emen t s of var ia t ions studied would be : f o r e x a m p l e , in 1954, plus 
and minus one pe rcen t of GNP c o r r e s p o n d s to p lus and minus 3. 6 
b i l l ion d o l l a r s , plus and minus two p e r c e n t of GNP c o r r e s p o n d s to plus 
and minus 7. 2 b i l l ion d o l l a r s , p lus and minus three p e r c e n t of GNP 
c o r r e s p o n d s to plus and minus 10. 8 b i l l ion d o l l a r s . The resu l t s of 
these cause=and=effect studies are shown in F igure 66 through F igu re 
71. It will be noted that these f igures are plot ted o v e r the 15-yea r 
p e r i o d of 1946 to 1951. P r o d u c e r s ' durable equipment was o b s e r v e d 
while varying the amount of do l l a r s going to the fo l lowing i t ems : 
Pr iva te inst i tut ions. This i t e m was va r i ed in i n c r e m e n t s of 
p lus and minus one and plus and minus two pe rcen t of GNP. F r o m 
F igure 66 the expec t ed change in P D E can be de t e rmined . The effect 
i s that if pe r sona l sav ings were inves ted m o r e with pr iva te b u s i n e s s , 
there would be m o r e inves tment in P D E . This amount can be de te r ­
mined in quantitative t e rms f r o m F igure 66. 
Capital consumpt ion a l l o w a n c e s . This i t e m was va r i ed in 
i nc remen t s of plus and minus one and plus and minus three pe rcen t of 
GNP (Figure 67) . The resul t obtained indica tes that if deprec ia t ion 
laws a re changed there will be m o r e inves tment in P D E ; a l s o , the c o n ­
v e r s e is t rue. 
P e r s o n a l tax and non- tax payments . This i t em was v a r i e d in 
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Figure 66. Effect of Varying Private Institutions on Producers 
Durable Equipment. 
—1 
Figure 67. Effect of Varying Capital Consumption Allowances on 
Producers Durable Equipment. 
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Figure 68. Effect of Varying Personal Tax and Non-Tax Payments on 
Producers Durable Equipment. 
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Figure 69. Effect of Varying Indirect Business Tax and Ron-Tax Liability 
on Producers Durable Equipment. 
Figure 70. Effect of Varying Undistributed Corporate Profits on 
Producers Durable Equipment. 
Figure 71 . Effect of Varying Corporate Profits Tax Liability on 
Producers Durable Equipment. 
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inc remen t s of plus and minus one and plus and minus two p e r c e n t of 
GNP (Figure 68) . The resu l t s show that this i t e m has litt le effect on 
P D E . 
Indi rec t bus iness taxes and non- tax l iabi l i ty . This i t em was 
va r i ed in i n c r e m e n t s of p lus and minus one and plus and minus three 
pe rcen t of the GNP (Figure 69) . This i t e m has little ef fec t on expendi ­
tures for P D E . 
Undistr ibuted co rpo ra t e p ro f i t s . Th i s i t e m was v a r i e d in in ­
c r emen t s of plus and minus one and plus and minus two pe rcen t of the 
GNP (Figure 70) , This resul t indica tes that if c o r p o r a t i o n s retain 
m o r e of the p ro f i t s , there wil l be m o r e inves tment in P D E . 
Corpo ra t e prof i ts tax l iabi l i ty . This i t e m was v a r i e d in i n c r e ­
ments of plus and minus one and plus and minus two pe rcen t of GNP 
(Figure 71). This resul t shows how much m o r e m o n e y wil l be inves ted 
in P D E by d e c r e a s i n g co rpo ra t e t axes . 
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C H A P T E R VI 
CONCLUSIONS AND RECOMMENDATIONS 
C o n c l u s i o n s . - -The fo l lowing conc lu s ions have been r eached f r o m the 
resul t s obtained in this study: 
(1) . An e l e c t r o n i c analog can be deve loped as a dynamic m o d e l 
of an e c o n o m i c s y s t e m and used as an aid in fo recas t ing the behavior 
of a m a c r o - e c o n o m i c sy s t em. E x t r e m e ca re must be e x e r c i s e d in the 
determinat ion of the mathemat ica l shape of the g r o s s national p roduc t 
(GNP) which is the exponential f o r c ing function governing the opera t ion 
of the analog. 
(2) . The use of pe rcen tages of spending and i n c o m e i t ems to 
the GNP can be applied as a method of b reak ing -down the GNP into i ts 
m i n o r c o m p o n e n t s . 
(3). The method by which the pe rcen tage of spending and in­
c o m e i t ems to the GNP is vary ing can be de te rmined on the analog c o m -
puter, par t ia l ly el iminat ing the need fo r c o m p l i c a t e d mathemat ica l 
ana lys i s . 
(4). The resu l t s of changes in any components of the GNP 
c o n s i d e r e d as independent va r i ab les on s o m e other componen t s of the 
GNP c o n s i d e r e d as dependent va r i ab le s can be de te rmined m e r e l y by 
manipulating a f ew dials and reading ei ther a number o r a graph. 
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(5)o Any curve of GNP which is be l i eved to f o l l o w a cer ta in 
trend can be p l aced in the compute r and an analys is of i ts var ia t ions 
can be o b s e r v e d . The only requi rement fo r the GNP input is that a 
graph can be drawn of the function. Any s tat is t ical l imi t s can be appl ied 
along with the GNP by util ising two additional function g e n e r a t o r s . The 
l imi t s wil l then appear on the graph of any i t e m under obse rva t ion . 
(6). Dynamic m o d e l s of this type can be used as a training aid 
in s o m e non-phys ica l a reas as well as phys ica l a r e a s . 
R e c o m m e n d a t i o n s . - -The fo l lowing r e c o m m e n d a t i o n s are made as a 
resul t of this study: 
(1) . It is r e c o m m e n d e d that i m p r o v e m e n t s be made on the m o d e l 
to include m o r e f e e d - b a c k and f e e d - f o r w a r d re la t ionsh ips . 
(2). It i s r e c o m m e n d e d that a further analys is of a somewhat 
s imi l a r nature be undertaken. F o r e x a m p l e , it i s p o s s i b l e to expand 
the b l o c k "private b u s i n e s s " to include all indus t r i e s . Then one can 
expand a spec i f i c industry into the c o m p a n i e s c o m p o s i n g the industry. 
F r o m this ana lys i s s tudies can be made of the c o m p l e x i n t e r - c o m p a n y 
and in te r - indus t ry re la t ionships in mathemat ica l t e r m i n o l o g y , 
(3) . It i s r e c o m m e n d e d that a m o d e l s i m i l a r to the one d i s c u s s e d 
in this study be used in c l a s s r o o m demons t ra t ions in c l a s s e s of quanti­
tative e c o n o m i c s and of s y s t e m s imulat ion. 
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A P P E N D I X 
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A P P E N D I X I 
P A R T I 
Method of Determining Po ten t iome te r Settings (Exper iment 1) 
G = GNP 
C C A = 0. 065 G* (S28)** 
NNP = 0. 935 G (S29) 
1.000 G 
NI = 0 .852 G - 0. 852 NNP = 0. 910 NNP (S25) 
0. 935 
B T P = 0 .003 G - 0. 003 NNP = 0 .003 NNP (S24) 
0 .935 
IBT & N T L - 0 .081 G = 0. 081 NNP = 0. 087 NNP (S26) 
0 .935 
C P T L = 0 .045 G = 0. 045 NI = 0. 052 NI (S17) 
0 .852 
CSI = 0 . 0 2 4 . G = 0. 024 NI s 0. 027 NI (S20) 
0 . 8 5 2 
PI /NJ . = 0. 7^9 G - 0. 749 NI = 0 .864 (S23) 
0 . 8 5 2 
UCP - 0 .050 G = 0. 050 NI = 0. 057 NI (S22) 
0. 852 
PI = (0.739 4 0 .046 + 0 .019 + 0 . 0 0 3 ) G = 0. 807 G 
^Values to right of equal s igns were obtained f r o m F i g u r e 8 
through F igure 42 . 
**(Sxx) r e f e r s to the spec i f i c po ten t iome te r used in the analog. 
The value adjacent to (Sxx) is the actual po ten t iomete r setting. 
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PDI = 0 . 7 2 9 G s 0. 729 PI = 0. 903 PI (S8) 
0. 807 
F T = 0 .073 G = Q. 073 PI = 0. 090 PI (S12) 
0. 807 
S & LT = 0 .008 G " 0. 008 PI = 0 .010 PI (S13) 
0. 807 
PS - 0 .045 G = 0. 045 PDI - 0 .061 PDI (S5) 
0. 729 
DG = 0 .089 G = 0. 089 PDI = 0. 120 PDI (S2) 
0. 729 
NG = 0 .380 G - 0. 380 PDI = 0. 515 PDI (S3) 
0. 729 
S = 0 .225 G ~ 0. 225 PDI = 0. 304 PDI (S6) 
0 . 729 
GI = 0 . 0 1 8 G = 0. 018 PS = 0 .400 PS (S9) 
0 .045 
P r I = 0 .027 G = 0. 027 PS = 0. 600 PS (S4) 
0. 045 
PB = C C A 4 UCP 4 GIB 4 P r I - ( 0 .065 4 0 .050 4 0 .015 4 
0. 027) G = 0. 157 G 
CBI - 0 . 0 1 5 G = 0. 015 P B = 0. 098 P B ( M l ) 
0. 157 
P D E = 0 . 0 7 2 G = 0. 072 P B ~ 0 .461 P B (M4) 
0. 157 
RNF = 0 .033 G = 0. 033 P B - 0. 209 P B (M3) 
0 .157 
O z = 0 .036 G = 0. 036 P B = 0. 232 P B (M2) 
0. 157 
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G R ' GI 4 P T & N T L 4 CSI 4 C P T L 4 IBT & N T L 
= G (0 .018 4 0 .008 4 0 .074 4 0 .024 4 0 .045 4 0 .081) 
= 0 .250 G 
G T P = 0 .047 G - 0. 047 GR = 0 . 1 8 5 G R (S10) 
0. 250 
NIPBG = 0 . 0 1 9 G = 0. 019 GR = 0. 075 GR (S7) 
0. 250 
S & LE = 0 .066 G = 0. 066 G R - 0. 262 GR ( S l l ) 
0. 250 
GIB - 0 . 0 1 5 G = 0. 015 GR - 0. 060 G R (S15) 
0. 250 
FE = 0 .090 G " 0. 090 G R = 0. 360 GR (S14) 
0. 250 
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P A R T II 
Method of Determining Po ten t iome te r Settings (Exper iment 2) 
G = GNP 
C C A = 0. 072 G* (S28)** 
NNP - 0. 928 G (S29) 
1.000 
NI = 0 .846 G = 0. 846 NNP = 0. 910 NNP (S25) 
0 .928 
B T P = 0 .003 G = 0. 003 NNP = 0. 003 NNP (S24) 
0 .928 
IBT & N T L - 0 .081 G = 0. 081 NNP = 0. 087 NNP (S26) 
0 .928 
C P T L = 0 .045 G = 0. 045 NI = 0. 054 NI (S17) 
0 .846 • 
CSI = 0 .025 G = 0. 025 NI - 0. 030 NI (S20) 
0. 846 -
PI = 0 .807 = B T P + P I / N I 4 NIPBG 4 G T P 
P I / N I = (0 .807 - 0 .003 - 0 .015 - 0 .041 ) G 
P I / N I " 0 . 748 G = 0. 748 NI - 0. 883 NI (S23) 
0 .846 
UCP = 0 . 0 3 2 G = 0. 032 NI = 0. 038 NI (S22) 
0 .846 
* Values to right of equal s igns were obtained f r o m F i g u r e 8 
through F igu re 42 . 
**(Sxx) r e f e r s to the s p e c i f i c po ten t iome te r used in the analog. 
The value adjacent to (Sxx) is the actual po ten t iomete r setting. 
PI = (0 .748 4 0 .015 4 0 .041 + 0. 003) G = 0 .807 
PDI = 0 . 7 1 5 G = 0. 715 PI = 0. 886 PI (S8) 
0 .807 
FT = 0 .082 G - 0. 082 PI = 0. 102 PI (S12) 
0 .807 
S & LT = 0 . 0 1 0 G = 0. 010 PI = 0 .012 PI (S13) 
0 .807 
PS = : 0.051 G -= 0. 051 PDI = • 0. 071 PDI (S5) 
0. 715 
DG : = 0 .085 G : = o. 085 PDI : = 0, 119 PDI (S2) 
0. 715 
NG : = 0. 355 G : = 0. 355 PDI : = 0. 498 PDI (S3) 
0. 715 -
S = 0 .230 G = 0. 230 PDI = 0. 322 PDI (S6) 
0 .715 -
GI = 0 .020 G = 0. 020 PS = 0 .400 PS (S9) 
0. 051 
Pr I = 0 .031 G - 0. 031 PS = 0. 060 iPS (S4) 
0. 051 
PB = C C A 4 UCP 4 GIB 4 P r I 
= ( 0 . 0 7 2 4 0 . 0 3 2 4 0 .013 4 0 . 0 3 1 ) G 
- 0 .148 G 
CBI = 0 . 0 1 0 G = 0. 010 P B - 0 .068 P B (M,l) 
0 .148 
P D E = 0 .068 G = 0. 068 P B = 0. 458 P B (M4) 
0. 148 
RNF - 0 , 0 3 4 G = 0. 034 P B = 0. 229 P B (M3) 
0 .148 
0 2 = 0 .036 G = 0. 036 P B = 0. 243 P B (M2) 
0. 148 
GR = GI 4 PT & N T L 4- CSI 4 C P T L 4 IBT & N T L 
= (0 .020 + 0 .091 4 0 .025 4 0 .081 4 0. 045) G 
= 0 .263 G 
G T P = 0 .041 G = 0. 041 G R = 0 . 1 5 8 G R (S10) 
0 .263 
NIPBG = 0 . 0 1 5 G = 0. 015 GR = 0 . 1 5 8 G R (S7) 
0 .263 
S & LE = 0. 071 G = 0. 071 GR = 0. 271 GR ( S l l ) 
0 .263 
0. 023 GR = 0 .088 G R (S15) 
0 .263 
0. 013 G R = 0 .049 G R (S15) 
0. 263 
0. 123 G R = 0 .467 G R (S14) 
0. 263 
O j = 0. 023 G -
GIB = 0 .013 G = 
NS = 0. 123 G = 
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P A R T III 
Value of Po t en t i ome te r s Used in Analog 
Po ten t iome te r Funct ion Expe r imen t 1 Exper imen t 2 
SI .* 0. 032 0. 032 
S2 DG 0. 120 0. 119 
S3 NG 0. 515 0. 498 
S4 P r I 0. 600 0: 600 
S5 PS 0. 061 0. 071 
S6 S 0. 304 0. 322 
S7 NIPBG 0. 075 0. 057 
S8 PDI 0. 903 0. 886 
S9 GI 0. 400 0. 400 
S10 G T P 0. 185 0. 158 
S l l S & LE 0. 262 0. 271 
S12 F T 0. 090 0. 102 
S13 S &.LT 0. 010 0. 012 
S14 NS & O j 0. 360 0. 467 
S15 GIB 0. 060 0. 049 
S16 . * 0. 500 0. 500 
S17 C P T L 0. 052 0. 054 
S18 * 0. 225 and 0. 114 0. 225 
S19 0. 160 0 .160 
S20 CSI 0. 027 0. 030 
S21 * 0. 750 out 
S22 UCP 0. 057 0. 038 
S23 P I / N I 0. 864 0. 883 
S24 B T P 0. 003 0. 003 
S25 NI 0. 910 0. 910 
S26 IBT & N T L 0. 081 0. 087 
S27 * 0 . 0 3 2 0. 032 
S28 C C A 0. 065 0. 072 
S29 NNP 0. 935 0. 928 
M l CBI 0. 098 0. 068 
M2 0 2 0. 232 0. 243 
M3 RNF 0. 209 0. 229 
M4 P D E 0. 461 0. 458 
^ N e c e s s a r y to p e r f o r m e l e c t r i c a l hook -up . 
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A P P E N D I X II 
F o r e c a s t GNP* (I960 - 200P) 
Y e a r GNP in Bi l l ions of Do l l a r s 
I960 266. 1 
1965 366. 4 
1970 677. 7 
1975 1020.0 
1980 984. 3 
1985 854. 7 
1990 1237. 1 
1995 2239. 8 
2000 3 6 4 1 . 2 
*Values of GNP obtained f r o m the fo l lowing fo rmula : 
GNP = (113 .81) (1 . 0 4 6 l ) t (1 . 4 1 2 5 ) s i n • (y jH 
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